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RETROACTIVE INHIBITION OF VERBAL ASSOCIATIONS 
AS A MULTIPLE FUNCTION OF TEMPORAL POINT 
OF INTERPOLATION AND DEGREE OF 
INTERPOLATED LEARNING 


BY E. JAMES ARCHER AND BENTON J. UNDERWOOD 


Northwestern University 


Previous studies which have been 
concerned with the relation between 
retroactive inhibition (RI) and tem- 
poral point of interpolation, i.e., the 
time between the end of original 
learning (OL) and the start of inter- 
polated learning (IL), have yielded 
ambiguous and contradictory results 
(3, 5, 6, 7, 8,9). Some writers have 
concluded that temporal point of IL 
is not an important variable, whereas 
others have concluded that it is 
an important variable. Furthermore, 
these latter writers are not in agree- 
ment as to the nature of the relation- 
ship of this dimension and RI. 

The most recent report by Postman 
and Alper (6) has not clarified the 
problem. The results offered by these 
writers would indicate that not only 
is the temporal position of IL a vari- 
able, but an extremely complicated 
one as well. For several reasons we 
believe that the results offered do not 
reflect the true state of affairs. Quite 
possibly these unusual results were a 
function of several factors:' (a) The 
investigators had only seven Ss in 
each group. Although these Ss were 
randomly assigned, there is no evi- 


dence that these groups were equal in 
learning ability. (b) The items were 
presented by reading them to S. Of 
necessity there was some variability 
in the rate of item presentation, and 
this variable is known to affect the 
rate of learning. (c) The items were 
monosyllabic nouns and adjectives 
whose heterogeneity may have dif- 
ferentially affected retention. With- 
out further elaboration, it seems rea- 
sonable to question the results and 
conclusions offered by Postman and 
Alper. 

After considering all available evi- 
dence (1, 2, 3, 5, 6, 7, 8, 9, 11) there 
is only one conclusion to draw: the 
status of temporal position of IL as a 
variable affecting RI up to the present 
time is indeterminate. 

In previous studies in this area (as 
well as could be determined) the de- 
gree of OL, the degree of IL, and the 
time between OL and relearning (RL) 
were held constant. Only the tem- 
poral position of IL was varied. If, 
however, we consider RI as a function 
of the relative response strengths of 
OL and IL at the time of recall, we 
may note another relationship. The 
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response strength of IL, at the time 
of recall, may be varied in two ways: 
(a) degree of learning and (b) time 
between learning and recall, i.e., the 
temporal position. Furthermore, it 
was reasoned, these latter two dimen- 
sions are not functionally independent 
of each other since, for example, a 
low degree of learning late on the 
temporal dimension might be equiva- 
lent, for purposes of interference, to 
a higher degree of learning earlier on 
the temporal dimension. In short, 
an interaction of the temporal posi- 
tion of IL and the degree of IL seemed 
highly probable. Such an interaction, 
it was further reasoned, could account 
for the contradictory results of pre- 
vious studies. It was the purpose of 
this study to vary both the degree of 
IL and the temporal position of IL 
in a design to permit the determina- 
tion of this interaction. Such a de- 
sign will permit the evaluation of three 
predictions: (a) RI is a function of 
degree of IL; (b) RI is a function of 


temporal position of IL; and (c) there 
is an interaction of degree of IL and 
temporal position of IL. 


PROCEDURE 


Design—The characteristic RI design of 
learn List A—learn List B—recall List A was 
used. The experiment was also planned for use 
of analysis of variance to test for interaction be- 
tween the two variables. List A (OL) was al- 
ways learned to the criterion of one perfect trial, 
and relearned after 48 hr. to the same criterion. 
During the 48-hr. interval, List B (IL) was pre- 
sented at one of three time intervals and learned 
to one of three criteria. The time intervals be- 
tween List A and IL of List B were 0, 24, and 48 
hr.,! and the degrees of learning of List B were 6 


1 Approximately 1 min. elapsed between the 
end of List A and the beginning of List B under 
the O-hr. condition. This interval was required 
to change the lists and present new instructions. 
The 48-hr. condition was, of course, irmmediately 
before the relearning of List A. Some variability 
in these intervals occurred since Ss did not come 
to the laboratory at precisely the correct time. 
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of 10 syllables correct, 10 of 10 syllables correct, 
and 10 of 10 syllables correct plus five trials. 
All nine combinations of time intervals and 
criteria were studied, but no S served in more 
than one condition. 

Counterbalancing.—To equalize effects of dif- 
ferences in difficulty of the two lists, one list was 
presented first one-half of the time and the other 
list was presented first the other half of the time. 

To equalize any differences in retention due to 
sex, half of the Ss in each condition were men and 
the other half were women. As best as possible, 
this counterbalancing of sexes was combined with 
that of lists. ‘This could not be done perfectly, 
with ten Ss in each condition. In effect, about 
one-half of the men and one-half of the women 
learned one list first one-half of the time. 

Lists.—The lists were the same as those used 
by Underwood (14). The use of the same ma- 
terial will permit direct comparison with portions 
of these other studies. There were ten pairs of 
two-syllable adjectives in each list. The first 
members of corresponding pairs in each of the 
two lists were identical, conforming to the A-B, 
A-C paradigm. The rules for selection of par- 
ticular words are to be found in Thune and 
Underwood (12). 

The lists, typed on white vellum tapes, were 
presented on a Hull-type memory drum. Each 
stimulus word was presented alone for 2 sec. and 
then with its response word for another 2 sec. 
After the ten pairs had been so presented, there 
was an 8-sec. rest interval before the list was 
again presented. To reduce the possibility of 
serial learning, the pairs were presented in three 
different orders. 

Practice.—No practice days were given,? and 
in the majority of cases the Ss were naive to this 
type of an experiment. 

Instructions.—At the first session each S was 
read a set of instructions. Since these instruc- 
tions had been memorized by E, this reading was 
done in as conversational a manner as possible to 
maintain S’s interest and motivation. During 
the first session S was told how and when the 
words would appear and how he should try to 
learn the list. At the close of the first session, he 
was asked to try to avoid rehearsing the list or 


2 Originally, the experiment had been de- 
signed with a practice period having a 24-hr. 
retention interval. After the data on about the 
first 20 Ss had been collected, it was found that 
many of the intrusions during the experimental- 
recall session were from the practice lists. There 
also was evidence that not all of the conditions 
were being proactively interfered with to an 
equal degree. For this reason the entire experi- 
ment was started again. The data for all of 
these preliminary Ss were set aside. 
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lists which he had learned. To reduce his con- 
cern with rehearsing he was jokingly told, “For- 
get you were here today but don’t forget to come 
back on Wednesday (or whenever his next ap- 
pointment was scheduled).” 

When learning the interpolated material, Ss 
were again instructed uniformly to learn this new 
list in the same way as they had learned the 
previous list. 

At the time of recall and relearning, every 
effort was made through repetition of instruc- 
tions and the naming of the day on which the 
first list had been learned, to provide an ade- 
quate set for the S to recall this first list. 

Subjects —All Ss were students in either an 
introductory psychology course or an experi- 
mental psychology course at Northwestern Uni- 
versity. Because the nine cells were matched 
for means and variability more than 90 Ss were 
actually tested. 


’ RESULTS 


Equality of lists.—Since the first 60 
Ss were assigned alternately to each 
of the two lists, it was possible to de- 
termine if the two lists were or were 
not of near equal difficulty. The 
measure used for this comparison was 
the number of trials required by each 


S to attain the criterion of one perfect 


repetition of the list. The difference 
between the number of trials for the 
two lists was not significant (¢ = .58). 

Equality of groups.—Although the 
Ss were carefully assigned, after the 
first 60 (see above), to obtain nine 
groups which were nearly equal in 
learning ability, a statistical check of 


TABLE I 


Mean NumsBer or Correct RESPONSES 
ON THE ReEcaLt Tria * 








Temporal Point of 

Degree of Interpolation 

Interpolated 
Learning 





0 Hr. 24 Hr. 48 Hr. 
6/10 correct 2 5.1 4.3 

10/10 correct 39 4.6 4.3 

10/10 correct 


+ 5 trials 1 4.3 2.8 











* The best estimate of a oy for these means is derived 
from the pooled estimate of variance, since homogene- 
ity of variance has been demonstrated. This is .69. 


TABLE Il 


ANALyYsIs OF VARIANCE OF CORRECT 
RESPONSES ON THE RECALL TRIAL 





| | 





Mean 


Source of Variation Square 


= 
= 





Time 

Degree 

Order 

Time X degree 

Time X order 

Degree X order 

Time X degree X order 
Within-group 


ee ee 


™“N 














* With 2 and 72 df, p.o6 = 3.13 and p.o1 = 4.92. 


“equality” was made. The total 
variance of the number of trials to 
learn the first list of the nine groups 
was analyzed. Since it is only of 
importance to know that the groups 
do not differ appreciably, the analysis 
is not presented here. The F-ratios 
were of the order of .01 and clearly 
indicated that the groups were reason- 
ably equal in learning ability. 

Correct responses at recall as index 
of RI.—Since no control group was 
used to determine absolute amount of 
RI, number of correct responses may 
be used as an index of relative RI. 
RI is an inverse function of number of 
correct responses. 

The total number of correct re- 
sponses on the recall trial (first re- 
learning trial) for each S was clas- 
sified according to degree of IL (De- 
gree), temporal point of IL (Time), 
and which one of the two lists was 
recalled (Order). 

The mean number of correct re- 
sponses on the recall trial for each 
group is presented in Table I. In 
spite of the apparently wide dis- 
crepancy between some means within 
rows, these differences are not sig- 
nificant as will be seen from the 
analysis of variance. The differences 
between means within columns, how- 
ever, are significant. 
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After ascertaining homogeneity of 
variance using Bartlett’s test,’ the 
total variance was analyzed. The re- 
sults of this analysis may be seen in 
Table II. The within-group variance 
is the proper error term. As may be 
seen, of the several sources of variance, 
only the degree of IL (Degree) is 
significant. Since the variance at- 
tributable to different temporal points 
of IL (Time) and the variance attrib- 
utable to interaction of different tem- 
poral points of IL and different de- 
grees of IL (Time X Degree) are not 
significantly greater than the error 
variance, it may be concluded that 
only the first of our three expectations 
is supported, i.e., RJ is a function of 
the degree of IL. The other expecta- 
tions, namely, that the temporal 
position would be a factor and that 
there would be an interaction of the 
two variables, are clearly without 
support. 

Analysis of covariance was applied 
also to these recall scores in combina- 
tion with data with which they were 
expected to be significantly correlated. 
They will not be considered here since 
they do not change the conclusions 
reached through the analyses of 
variance. 

Relearning as an index of RI.—In 
some previous studies the number of 
trials required to relearn OL has been 
used as an index of RI. The appro- 
priate relearning scores from this ex- 
periment were classified according to 
degree of IL and temporal point of 
IL. Classification by order was not 
included since this variable is clearly 
not significant, and a two-classifica- 
tion analysis is reasonably accurate 
for our purposes. The total vari- 


%Corrected x? = 20.70; 
20.60, P.200 = 22.76. 

‘This is orly significant:at about the .03 
level of confidence: F = 4.26; p.o = 3.13, 
p = 4 9? 

b o1 «Fume 


df = 17; 


P.10 = 
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TABLE III 


NuMBER OF OvERT INTRUSIONS 
ON THE RecALL TRIAL 








Temporal Point of 

Degree of Interpolation 

Interpolated 
Learning 





0 Hr. . | 48 Hr. 


6/10 correct ; 0 
10/10 correct 3 
10/10 correct 

+ 5 trials 0 


Total Y 3 

















ance of these scores was analyzed. 
Using the within-group variance as 
the error term, none of the other 
sources of variability was found to 
be significant (largest F = 1.02, for 
degree of IL, which is much smaller 
than that required for .05 level of 
significance, 3.11, with 2 and 81 df). 
At least for the materials and conditions 
of this experiment, we may conclude 
that the relearning scores do not reflect 
differential RI. 

Overt intrusions at recall—We will 
define an overt intrusion as the giving 
of a second-list response in place of 
a first-list response when S is trying 
to recall the first of two lists. The 
number of overt intrusions given on 
the recail trial under each condition 
is presented in Table III. 

A graphic representation for each 
temporal point of IL and for all three 
degrees of IL combined is presented 
in Fig. 1. This curve is based upon 
the lower marginal totals of Table 
III. Since the X-axis is an ordered 
variable, we can probably accept the 
form of this curve as being a reason- 
able approximation of the “true” 
form. 

Recognizing the danger of attrib- 
uting unwarranted reliability to the 
data in Fig. 1, a chi-square test 
was applied to determine if the 
curve deviated significantly from a 
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NUMBER OF INTRUSIONS 





| | 
0 24 48 
TEMPORAL POINT OF INTERPOLATION 





Fic. 1. Total number of intrusions on recall 
trial for each temporal point of interpolation 


curve which is parallel to the X-axis. 
Since one of the three cells had only 
three intrusions, Yates’s correction 
was applied. A corrected chi-square 
was found to be very significant.® 
These findings are to be accepted with 
caution in view of the unknown re- 
liability of intrusions. 

The total number of intrusions 
given on the recall trial for each de- 
gree of IL and for all three temporal 
points of IL combined is presented 
graphically in Fig. 2. The curve is 
based on the right marginal totals 
of Table III. Although the ab- 
scissa does not represent an ordered 
variable, the form of the curve can 
probably be accepted as a fair ap- 
proximation of the “true” form. 
The reasoning for this is as follows: 
(a) the degree of IL as determined in 
this experiment could be related 
easily to the ordered variable of 
‘number of trials of presentation of 
IL; (b) Thune and Underwood (12) 
and Melton and Irwin (4), for ex- 
ample, have shown that for moderate 
degrees of OL, the number of intru- 
sions will first increase and then de- 
crease as the number of trials on IL 
is increased. On the Basis of this 
reasoning, we may assume tentatively 


5 Corrected x? = 18.60; df = 2; p.n = 9.21, 
P.o1 = 13.82. 


w 
°o 


tv 
°o 


NUMBER OF INTRUSIONS 
3 





| ! a 
*ho "ho ho + § 
DEGREE OF INTERPOLATED LEARNING 





Fic. 2. Total number of intrusions on recall 
trial for each degree of interpolated learning 


that the form of this curve in Fig. 2 
is in agreement with previous find- 
ings. 

Again, recognizing that overt in- 
trusions may be unreliable, a chi- 
square test was made to determine if 
the curve deviated significantly from 
a line parallel to the X-axis. Chi- 
square was found to be significant,® 
which lends further support to our 
conclusion that the form of the curve, 
although a function of an unordered 
variable, indicates a real relationship. 


Discussion 
Basic empirical findings 


RI as a function of the degree of 
IL.—RI was found to increase as the 
degree of IL increased. This result 
is consistent with previous findings 
(4, 12, 13). A further consistency in 
the results of this experiment with 
previous studies (4, 12) is found in 
frequency of overt intrusions. As 
the degree of IL increased, overt in- 
trusions first increased and then de- 
creased. 

RI and point of interpolation.—For 
the usual indices of RI (number of 
correct responses at recall and numbei 
of trials to relearn) RI is not a function 


8x? = 7.44; df = 2; pos = 5.99, poe = 7.82. 
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of temporal point of IL. However, 
a relationship between number of 
overt intrusions at recall and temporal 
point of IL was found. As the tem- 
poral point of IL increased, the num- 
ber of overt intrusions decreased. 

Interaction of degree of IL and point 
of interpolation.—From an analysis of 
both recall and relearning scores, we 
can conclude that different degrees of 
IL will not differentially affect RI at 
different temporal points of IL, i.e., 
there is no interaction of degree of IL 
and temporal point of IL. 


Effectiveness of degree of IL 


The findings of the present study 
are for the most part in agreement 
with previous investigations of the 
effect of degree of IL. In certain 
studies (4, 12) RI was found to in- 
crease at a negatively accelerated rate 
and become asymptotic as the degree 
of IL increased. 

It is to be noted, however, that in 
this study RI probably increased at 
a positively accelerated rate, but this 
cannot be stated with certainty since 
the degree of IL was not manipulated 
as an ordered variable, e.g., trials. 
However, the results indicate that 
with the high degree of OL which was 
used in this study, RI is not neces- 
sarily a negatively accelerated func- 
tion of the degree of IL. 


Intrusions 


The finding of a sharply decreasing 
frequency of overt intrusions as a 
function of the temporal point of IL 
is readily explained by available con- 
cepts (13, 16, 17, 18). The competi- 
tion theory predicts that maximum 
frequency of intrusions will occur 
when two tasks are of nearly equal re- 
sponse strength. Owing to forgetting 
of OL, response strength of IL should 
increase (relative to OL) as (a) the 
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temporal point of IL increases or (b) 
the initial degree of learning of IL 
increases. It is expected further that 
when IL is learned immediately after 
OL, its response strength at recall will 
not differ appreciably from the re- 
sponse strength of OL at recall. As 
stated before, when two response 
systems are about equal in strength, 
more intrusions will occur than when 
they are unequal. At the other ex- 
treme, when IL is learned immediately 
prior to the recall of OL, the response 
strength of OL is minimal, and the 
response strength of IL is maximal. 
In this case, a small number of in- 
trusions would be expected. These 
were the findings of this experiment. 
The greatest number of intrusions 
occurred in the conditions in which 
the smallest difference in response 
strength at recall would be expected 
(IL at Ohr.). The fewest number of 
intrusions occurred when there should 
have been the greatest difference in 
response strengths of OL and IL (IL 
at 48 hr.). 

The finding of this experiment con- 
cerning the frequency of overt in- 
trusions as a function of the degree 
of IL agrees with previous studies 
(4, 12). When OL and IL are of 
about equal strength, the greatest 
number of intrusions should appear 
since competition will be greatest. As 
the response strengths of the two lists 
become increasingly unequal, fewer 
intrusions should occur. These were 
the findings of the present study. 


RI and temporal position of IL 


In spite of the reasoning which led 
us to believe that not only was the 
temporal position of IL a variable but 
that there was an interaction of tem- 
poral position and degree of IL, we 
found no evidence to support these 
beliefs. The most disconcerting as- 
pect of these negative findings is that 
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we must nevertheless hold to our ori- 
ginal beliefs or make some revisions of 
our concepts of forgetting. We have 
chosen to believe that the temporal 
position is a variable and our experi- 
ment was ine Jequate for its detection. 
It is felt that a modification of the 
conditions in our design would in- 
dicate the temporal position to be a 
factor. In brief, we believe that our 
negative results are only a function of 
the particular conditions of this ex- 
periment. This is a result which 
could not have been anticipated. 
Rather than develop an exposition for 
each of the possible changes, we shall 
only list them: (a) a lower degree of 
OL, (b) different total time intervals, 
(c) different temporal points of IL, 
and (d) different materials. Of these 
the most important probably are b 
and c, since different time intervals 
would permit a different sampling of 
the effects of forgetting and “spon- 
taneous recovery” (15). 


SUMMARY 


An experiment was performed in 
which degree of IL and temporal point 
of IL were varied simultaneously to 
determine the effect of each variable 


upon RI and their interaction. Two 
lists of ten paired adjectives were 
learned by each S. The OL was 
presented until S correctly anticipated 
all responses on a single trial. The 
IL was presented at 0, 24, or 48 hr. 
after OL and in each case was learned 
until S correctly anticipated 6 of 10 
syllables correctly, 10 of 10 syllables 
correctly, or 10 of 10 syllables correctly 
plus five trials. The over-all reten- 
tion period for OL was 48 hr. 
The basic findings were: 


1. As degreeofILincreased, amount 
of RI increased. Since a control 
group was not used, an increase in 
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RI was inferred from a decrease in the 
number of correct responses at recall. 

2. Degree of IL had no effect upon 
relearning scores. 

3. Temporal point of IL was not 
found to be an effective variable in 
determining RI. 

4. There was no interaction (as 
determined by analysis of variance) 
of the two variables, degree of IL and 
temporal point of IL. 

5. Number of overt intrusions given 
on recall trial was a function of the 
two variables in question. As degree 
of IL increased, number of intrusions 
first increased and then decreased. 
As time between OL and IL increased, 
number of intrusions sharply de- 
creased. 


The obtained results do not support 
the original view that there would be 
an interaction of the two variables, 
or that temporal point of interpolation 
is a significant variable in the deter- 
mination of RI. 


(Manuscript received 
December 21, 1950) 
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STUDIES OF DISTRIBUTED PRACTICE: III. THE 
INFLUENCE OF STAGE OF PRACTICE 
IN SERIAL LEARNING 


BY BENTON J. UNDERWOOD 


Northwestern University 


In the first study in this series (5) 
it was shown that distributed practice 
did not significantly facilitate the 
learning of serial adjectives having 
low intra-list similarity. With 15 
sec. or with 30 sec. between each trial, 
learning was not faster than with 2 
sec. between trials (massed). The 
mean differences favored learning by 
distribution but there was no firm 
basis for rejecting the null hypothesis. 

A recent study by Wilson (7), how- 
ever, showed that either 30 sec. or 
60 sec. between trials did facilitate 
the learning of serial adjectives as 
compared with 6 sec. between trials. 
In examining the differences between 
the two studies in an effort to discover 


the cause of the discrepancy, two 


explanations seemed plausible. First, 
Wilson’s lists had 16 items while the 
lists used in our study had only 14. 
It is known from Hovland’s work (1) 
that the longer the list the greater 
the probability that distribution will 
facilitate learning. It is thus possible 
that a difference of two items may be 
sufficient to account for the findings. 
However, in the present study, we 
have chosen to investigate a second 
factor. 

In Wilson’s experiment a different 
group of Ss served in each condition. 
This single condition was preceded 
by one practice session. In our study, 
on the other hand, Ss served in eight 
sessions—two practice and six ex- 
perimental sessions. Since the con- 

1 These experiments were made possible by a 


grant from The Graduate School, Northwestern 
University. 


ditions were counterbalanced, each 
condition occurred after S had pre- 
viously learned four to five lists on 
the average. It is apparent that our 
Ss were at a much higher practice 
level than were those of Wilson’s. On 
strict empirical grounds, therefore, 
it was reasonable to believe that stage 
of practice might be a variable in- 
fluencing learning by distribution; 
more specifically, the e. idence pointed 
to the fact that the higher the practice 
level the less the likelihood that dis- 
tribution would enhance learning. 

Although the predicted relationship 
between stage of practice and facilita- 
tion by distribution could be arrived 
at on the above empirical basis, there 
is also a theoretical argument for ex- 
pecting the relationship. This theory, 
as advanced by McClelland, is in 
rough form. It is intended as an ex- 
planation for some of the findings on 
reminiscence, but may be applicable 
to the facts of distributed practice. 
McClelland notes that reminiscence 
is found when there is “‘a forced rate 
of performing, a massing or crowding 
of the material to be learned” (2, p. 
52). He then suggests what he calls 
recovery from performance inhibition 
to account for reminiscence. The 
following quotes may serve to indicate 
the nature of his thinking. (His own 
work was with verbal-discrimination 
learning and the quotes refer to that, 
but the same argument could hold 
for serial learning.) 


. the subject is confused because he 
must confirm . . . his last response at the 
very moment when he must be making his 
next choice. This confusion results inevit- 
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ably from the fact that as soon as the reward 
bell rings, another pair is presented imme- 
diately. Such conflict will act to depress 
the subject’s score below what it would be 
if he were not rushed. 

Somehow rest reduces the gap between 
performance and learning created by the 
confusion (3, p. 159). 


As applied to serial learning the 
theory would say that S must check 
on the correctness of his previous 
anticipation and also attempt to an- 
ticipate a new item within a period of 
2 sec. In a sense, S gets behind the 
drum; his attempts to correct one 
anticipation conflict with his attempts 
to give a new response. If this per- 
formance conflict does produce in- 
hibition, the rest interval should allow 
recovery so that S gets started with 
the drum on the next trial. 

The fact that McCelland’s theory 
is not stated in rigorous fashion and 
the fact that he was concerned with 
reminiscence, may not lead to an un- 
ambiguous prediction concerning the 
influence of stage of practice on dis- 
tributed training. However, the em- 
pirical fact is that S learns more 
rapidly with each successive list, the 
function being quite sharp for several 
successive lists in serial learning (6). 
It is thus possible that S learns to 
keep up with the drum more effi- 
ciently; he may learn to confirm or 
correct an anticipation and make a 
new one with greater facility. If 
this is the case, it would be predicted 
that facilitation by distributed prac- 
tice would become less and less as the 
stage of practice increases. 

We cannot be sure that McClelland 
will accept this deduction from his 
theory. Yet, in listing factors which 
would tend to increase conflict or 
inhibition in learning he says that 
one factor would be “inexperienced 
subjects who will have more difficulty 
with the rapid recitation procedures” 
(4, p. 243). In the present experi- 
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ments the reasoning is that with each 
successive stage of practice Ss will 
become more and more experienced 
in learning and should, as a conse- 
quence, be less benefited by distrib- 
uted practice. 


PROCEDURE 


Materials.—Four lists of 14 two-syllable ad- 
jectives were used. Three of the lists were the 
same as those used ini the previous experiment (5) 
and may be found in that report. These items 
have low intra-list similarity. They were pre- 
sented at a 2-sec. rate by a Hull-type drum. On 
all conditions the list was learned to a criterion 
of one perfect trial. 

Conditions.—Two groups of 24 Ss each (col- 
lege students) served for four consecutive days. 
One of these groups learned a list on each day by 
massed practice, which consisted of a 2-sec. break 
between each trial. The other group learned the 
four lists by distributed practice, which consisted 
of a 30-sec. rest period after each trial. This 
interval was used by Wilson (7) and by the pres- 
ent writer in his earlier study (5). The 30-sec. 
interval was filled by color naming from a chart 
tacked above the memory drum. Rate of nam- 
ing was 60 colors per minute on the first day, 
with an increase of ten per minute each day 
thereafter, as timed by a metronome. 

The four lists were completely counterbal- 
anced for both groups so that each list occurred 
equally often at each stage of practice. 

Since it was highly desirable to introduce 
distribution of practice on the first day of learn- 
ing, there was no completely satisfactory way of 
equating the two groups of Ss for learning ability. 
On each day the rest interval was not introduced 
until after the first anticipation trial. Thus, 
this trial was under identical conditions for both 
groups. And, while the groups show no appreci- 
able difference in frequency of correct anticipa- 
tion on this trial, computations have shown that 
performance on this trial and rate of learning to 
one perfect trial were unrelated; the correlation 
for both groups was near zero. 

Because of the above difficulties, it must be 
made clear that the acceptance of the present 
results rests squarely on the assumption that our 
method of selecting Ss resulted in two groups of 
24 Ss each which did not differ significantly in 
learning ability. In actual practice the Ss were 
rigidly assigned in an alternate. fashion to the 
two groups. The records of four Ss were re- 
placed for various reasons. Two of these were in 
the distributed group and two in the massed. 
It is therefore reasonable to believe that insofar 
as random assignment can result in two groups 
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which do not differ significantly on variables 
pertinent to the measured performance, this was 
the case in the present experiments. 


RESULTS 


Trials to learn.—The basic data on 
number of trials to reach the criterion 
of one perfect trial by massing and by 
distribution, for the four stages of 
practice, are given in Table I. The 
values are graphed in Fig. 1. 

It should first be noted that at 
each successive stage of practice the 
lists were learned more rapidly by 
distribution than by massing. But 
in no case do the differences reach a 
high level of reliability. Except for 
the first stage of practice all differ- 
ences are significant between the .01 
and .05 levels of confidence. 

The mean differences from day to 
day remain almost constant. This 
constancy from stage to stage does 
not support the hypothesis that dis- 
tribution should facilitate learning 
most in the early stages of practice 
and least in the later stages. If any 
change is to be noted as a function of 
stage of practice it is that distribution 
facilitates less in the early stages than 
in the later ones. But, the most con- 
servative conclusion is that stage of 
practice is not a variable influencing 
learning by massing and distribution. 


TABLE I 


INFLUENCE OF STAGE OF PRACTICE ON 
LEARNING BY MASSED AND 
DisTRIBUTED TRIALS 








Massed Distributed 
Stage of 
Practice ‘ 


Mean | oM 


29.42 
24.17 
21.75 
18.04 


* With 46 df, t's of 2.01 and 2.68 are required for the 
.05 and .01 levels of confidence. 





Mean 


24.71 
18.92 
16.58 
13.88 





1.99 
1.99 
1.87 
1.58 
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Fic. 1. The effect of stage of practice on learn- 
ing by massed and by distributed practice 


Errors during learning.—In the 
first study in this series it was found 
that if distribution significantly facil- 
itated learning, more errors occurred 
during this distributed practice than 
during massed practice (5). The 
data of Table II and Fig. 2 show this 
to be true for the present conditions. 
At each stage of practice the mean 
number of errors per trial was greater 
for the distributed than for the massed 
conditions. The difference at Stage 
1 is a highly reliable difference; the 
differences for Stages 2 and 3 fall be- 
tween the .01 and .05 levels of con- 
fidence, while for Stage 4, the dif- 
ference is not reliable. Evaluating 
the results as a whole, however, there 
can be little doubt that the distrib- 


TABLE II 


Errors Per TriAt As A Function or STAGE OF 
PRAcTICE puRING LEARNING By MAsseED 
AND DistrisuTED TRIALS 








Distributed 





Diff. 


— .94 
— .38 
—.39 
—.31 




















* With 46 df, t's of 2.01 and 2.68 are required for the 
05 and .01 levels of confidence. 
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Fic. 2. The effect of stage of practice on fre- 
quency of errors in learning by massed and by 
distributed practice 


uted conditions resulted in a greater 
frequency of errors than did the 
massed conditions. Thus, these re- 
sults confirm our previous findings; 
number of overt errors and facilita- 
tion by distribution are related di- 
rectly. 


In an effort to obtain clues as to the relation- 
ship between errors and facilitation by distribu- 
tion, several other analyses were made. Errors 
as a function of serial position were obtained for 
each stage of practice for massing and distribu- 
tion. In no case was any new relationship ap- 
parent. The error curves as a function of serial 
position of the item were the same shape for the 
massed conditions as for the distributed; there 
were, of course, more errors for the distributed 
learning at each serial position. Furthermore, 
plotting the error curves as a function of stage of 
practice showed no change in the shapes. That 
is, from one stage of practice to the next, the pro- 
portion of total errors remained about the same 
for each serial position. 

An analysis of error frequency for early and 
late in learning gave no clues as to the function 
of the errors in learning by massing and distribu- 
tion. The frequency of errors on all trials 
needed to reach a criterion of seven correct re- 
sponses was compared with the frequency of 
errors on trials required to go from seven to 14 
correct. Proportionately no differences in these 
values were apparent for massing vs. distribution 
nor as a function of stage of practice. 

It must be concluded that all we can show 
concerning errors is that they are more frequent 
when learning is by distributed practice than 
when learning is by massed practice. The 
nature, locus, and development of these errors 
seem to be no different for the two conditions. 


Discussion 


The hypothesis that stage of prac- 
tice and facilitation by spaced practice 
are inversely related has not been 
supported by the results of this study. 
Differences in learning by massed and 
by distributed practiceremained rough- 
ly constant for four consecutive lists. 
It must also be concluded that if 
McClelland’s theory (3) of perform- 
ance inhibition is to be used to explain 
effects of distributed training, per- 
formance inhibition cannot be as- 
signed characteristics which vary with 
stage of practice. The differences in 
learning by massed and by distributed 
practice were so constant for four days 
that it appears different asymptotes 
would be reached. Therefore, it can- 
not be argued convincingly that ad- 
ditional stages of practice would have 
produced a convergence of the two 
curves. 

One purpose of this study was to 
investigate the discrepancy between 
Wilson’s findings (7) and the first study 
in this series (5). Wilson found dis- 
tributed practice facilitated learning of 
lists of 16 serial adjectives; we did not 
find this to be true statistically for lists 
of 14 adjectives, although the trends 
favored distributed practice. The 
differences in learning by massed and 
by distributed practice in the present 
study were more reliable than in our 
previous one, but in no case did these 
differences reach the .01 level of con- 
fidence. Considering the two studies 
together, the evidence supports the 
conclusion that there will be consistent 
but small gains in learning 14-item 
lists by distributed practice as com- 
pared with massed practice. Two 
factors might account for the fact that 
the differences in the present study 
were somewhat more reliable than in 
the previous one: (a) different samples 
of Ss were used; (b) because of random 
selection, some differences in the 
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ability of the two groups may have 
existed in the present study, i.e., the 
distributed group may have been 
slightly superior to the massed group. 
In view of these considerations it 
seems likely that Wilson’s finding 
that distributed practice significantly 
enhanced learning (as compared with 
our marginal differences), is to be 
attributed to the 16-item lists which 
he used and not to the low level of 
practice of his Ss. 

In our previous (5) study no ap- 
preciable difference in the error fre- 
quency between massed and distrib- 
uted conditions was obtained. The 
present data show that significantly 
more errors occurred under distributed 
than under massed conditions for the 
first stage of practice. By the fourth 
stage, the difference was unreliable, 
although still in the same direction as 
on the first stage. On strict statisti- 
cal grounds, therefore, the results of 
our two studies are not in conflict; at 
comparable stages of practice the fre- 
quency of errors was not different for 
massed and for distributed learning 
in either study. Yet, the evidence 
of all the studies shows that when 
differences in error frequencies are 
found, the greatest frequency is with 
distributed practice. The present 
study has suggested that differences 
in error frequency are reduced with 
each successive stage of practice, but 
no clue has been obtained as to how 
these differences relate to differences 
in rate of learning by massed and 
distributed training. 


SUMMARY 


Empirical evidence and theory led 
to the hypothesis that fecilitation by 
distributed practice is inversely re- 


lated to stage of practice. The pres- 
ent study was a test of this hypothesis. 
One group of 24 Ss learned four serial 
lists of 14 adjectives each by massed 
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practice (2 sec. between each triab), 

while another group with the same 

N learned the same lists by distributed 

practice (30 sec. between trials). 

Only one list was learned each session. 
The results show: 


1. Learning by distributed practice 
was consistently faster than was learn- 
ing by massed training. Since the 
differences between the two conditions 
were constant for four consecutive 
days, the hypothesis concerning the 
inverse relation between facilitation 
by distribution and stage of practice 
was not supported. 

2. A greater frequency of errors oc- 
curred on the distributed than on the 
massed conditions. The difference 
was highly reliable on the initial stage 
of practice but became unreliable by 
the fourth stage. 


(Manuscript received 
December 18, 1950) 
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STUDIES OF DISTRIBUTED PRACTICE: IV. THE 
EFFECT OF SIMILARITY AND RATE OF 
PRESENTATION IN VERBAL- 
DISCRIMINATION LEARNING 


BY BENTON J. UNDERWOOD AND ROBERT O. VITERNA 


Northwestern University! 


An earlier study (10) showed that 
in learning serial adjectives, distribu- 
tion of practice facilitated acquisi- 
tion if intra-list similarity was high. 
It has also been demonstrated (9, 10) 
that more errors occur under distrib- 
uted than under massed conditions 
when distribution enhances learning. 
These data tend to support Gibson’s 
(1) hypothesis that generalization ten- 
dencies within the list recover during 
rests, thus resulting in more errors 
than would occur by massed practice. 
But, no clues have been offered as to 
how greater frequency of overt errors 
is related to more rapid learning. 

In another report (8), it has been 
shown that intra-task similarity mark- 
edly influences the rate of learning 
paired-associate lists, but no differ- 
ences in learning as a function of inter- 
trial interval were observed. Thus, 
even though the task was made very 
dificult by high intra-list similarity, 
distribution had no effect on learning 
rate. 

The present experiments represent 
an attempt to get further information 
on the role played by intra-task sim- 
ilarity in acquisition by massed and 
distributed practice. The method 
used is that of verbal discrimination 
learning. This technique was em- 
ployed by McClelland (5, 6, 7) in his 
studies of reminiscence, but apparent- 
ly has not been used to study the, in- 
fluence of spaced practice. In verbal 

1 These studies were supported in part by a 


grant from The Graduate School, Northwestern 
University. 


discrimination learning, S is presented 
a series of pairs of words, with one 
member of each pair being chosen 
arbitrarily by E as the correct re- 
sponse. The S must learn to antici- 
pate each correct word in the series 
of pairs. The technique allows sim- 
ilarity to be varied between the two 
items composing a pair while at the 
same time keeping similarity among 
pairs low. Therefore, differences in 
learning rate can be attributed to the 
similarity between the two members 
of a pair without confounding by 
inter-pair similarities. 

McClelland (5), using verbal-dis- 
crimination learning, has shown that 


reminiscence (as measured by re- 
learning) will occur if a 2-sec. rate of 
presentation is used but not if a 4-sec. 


rate is employed. Hovland demon- 
strated that in both serial (3) and 
paired-associate (4) learning of non- 
sense syllables, increasing presentation 
rate will enhance the likelihood of 
obtaining facilitation by distributed 
practice (as compared with massed). 
In the present experiments we are 
investigating the effect of distributed 
practice in learning verbal-discrimina- 
tion lists when rate of presentation 
and intra-pair similarity are varied. 


PROCEDURE 


Materio!s.—Each list consisted of ten pairs of 
two-syllab® adjectives. These adjectives were 
taken from Haagen’s lists (2), and chosen so that 
similarity among pairs was low. In Exp. I and 
II the similarity between the members of each 
pair was high (mean of 1.4 on Haagen’s scale); in 
Exp. III and IV, the similarity was medium 
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(mean of 2.9). Three lists of high similarity and 
three of medium similarity were used. The 
familiarity ratings for all words were high and 
were approximately equal for the two sets of 
lists. In short, if differences occur in rate of 
learning the two sets of lists, it is highly probable 
that this is a function of the differences in simi- 
larity between the two words in each pair. 

The lists were presented on a Hull-type drum, 
using the shutter to indicate correct responses. 
The correct item of each pair had been chosen by 
E arbitrarily. In learning, S observed both 
words on the left side of the drum (one above the 
other), and was instructed to choose one or the 
other and call it out before the exposure period 
ended and the shutter lifted to show the correct 
word. The next pair then came into the window, 
and the cycle was repeated. Three different 
orders of pairs were used to prevent serial learn- 
ing, and the positions of the two words were 
randomly changed from trial to trial so that S 
could not use position as a cue. 

Specific conditions.—The nature of the varia- 
tion in similarity has already been indicated. 
The rate of exposure was varied intwoways. In 
two experiments the two words were shown to- 
gether for 2 sec., and then the correct word was 
shown for an additional 2 sec. before another 
pair moved into the window. In two other 


experiments, S had only 1 sec. in which to call 
out his choice when the two words were presented 


together, and the correct word was shown for 
only 1 sec. 

In each of the four experiments three inter- 
trial intervals were used; namely, 4, 15, and 60 
sec. The 15- and 60-sec. intervals were filled 
with color naming from a board at the rate of 
one per second as timed by a metronome. Lists 
were held constant from day to day, with the 
conditions of distribution completely counter- 
balanced. 

The basic conditions are summarized in Table 
I. It will be noted that Exp. I, III, and IV had 
18 Ss, while II had 36. Trends which occurred 
in Exp. II with 18 Ss did not quite reach statisti- 
cal significance. Therefore, another group of 18 
Ss was run. 


TABLE I 


EXPERIMENTAL CONDITIONS 








Inter-Trial 
Interval 


Similar- Rate of 
ity Presentation 





high 4 sec. (242) 
high 2 sec. (1+1) 
medium | 4 sec. (2+2) 
medium | 2 sec. (1+1) 


4, 15, 60 sec. 
4, 15, 60 sec. 
4, 15, 60 sec. 
4, 15, 60 sec. 
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The criterion of learning for each list was two 
successive perfect trials. The S was instructed 
to anticipate on the first trial and every trial 
thereafter. With only two alternatives, five 
items would be anticipated correctly by chance. 
In addition to learning the lists, S recalled and re- 
learned each after 24 hr. These retention scores 
were uniformly high (a mean of about nine 
items), and since none of the conditions in any 
experiment was differentiated by these retention 
scores, they will not be presented. 

All Ss served one practice session before 
starting the three experimental conditions. The 
list on the practice day was learned partly by 
massing (4 sec. between trials) and partly by dis- 
tribution (30 sec. between trials). The list was 
first presented for five trials under massed condi- 
tions after which the drum was stopped and in- 
structions for color naming given. Then, S con- 
tinued learning the list by distributed practic: 
until all items were correctly anticipated for two 
successive perfect trials. The practice list was 
made up of pairs of medium similarity and was 
used as the practice list for all experiments. 


RESULTS 


The results of all four experiments 
are presented in Table II. The values 
in each case represent the mean num- 
ber of trials to reach the criterion of 
two successive errorless trials. The 
mean number of trials to learn the 
practice list is also shown for each 
group. 

Influence of distribution—Table II 
shows that no appreciable difference 
in learning is produced by distributed 
practice within any of the four ex- 
periments. None of the differences 
approaches statistical significance. It 
may therefore be concluded that under 
the conditions of similarity, rate of 
presentation, and distribution used 
in these experiments, spacing of trials 
neither facilitates nor retards learning. 

Influence of similarity—The in- 
fluence of similarity can be determined 
by comparing the mean number of 
trials to learn under Exp. I with the 
comparable values for Exp. III (for 
slow rate of presentation), and Exp. 
II vs. IV for the rapid presentation 
rate. Since it has been shown that 
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TABLE Il 


Mean NuMBER oF TRIALS TO LEARN 








Inter-Trial Interval 





Practice List 


15 Sec. 60 Sec. 





Mean 
7.94 
12.64 
6.22 
10.78 





| 


Mean Mean 


11.06 1.64 








the inter-trial interval is not a per- 
tinent variable, all conditions for a 
given experiment may be combined to 
get a mean score for each S. 

It will be remembered that the 
list used on the practice day was the 
same for all groups. Practice-day 
performance scores provide a means 
for evaluating the equivalence of 
learning ability of the groups.? The 
practice-day performance scores for 
Exp. I and III suggest that Ss in Exp. 
III were superior tothoseinI. Statis- 
tically the difference is not significant 
(t = 1.79), but it is great enough to 
suspect that differences on the experi- 
mental day may be in part a function 
of ability. On the experimental days 
Ss who learned the medium-similarity 
lists (Exp. III) have consistently 
better performance than those who 
learned the high similarity lists (Exp. 
I). The difference, 1.84 + .78, gives 
a t of 2.36 (.05 > p > .01, with 34 df). 

In view of the differences on the 
practice day, which are in the same 
direction as those on the experimental 
days, intra-pair similarity probably 
has less effect than indicated by the 
above t. This conclusion is further 
supported by the comparisons be- 


2 The product-moment correlations between 
practice performance and mean perforrnance on 
the experimental days are as follows: .82, .63, 
91, and .83, for Exp. I to IV, respectively. 


tween Exp. II and IV, in which the 
presentation rate was very rapid. 

On the practice day the Ss of Exp. 
II and those of Exp. IV showed almost 
identical mean performance (t = .16). 
On. the experimental conditions learn- 
ing tended to be more rapid under 
the medium similarity of Exp. IV. 
However, the difference between the 
experiments, 2.16 + 1.40, is not re- 
liable. Therefore, a conservative con- 
clusion is that intra-pair similarity 
has little if any effect on rate of learn- 
ing verbal discrimination lists when 
inter-pair similarity is low. 


Discussion 


The results of the present experi- 


ments are uniformly negative. Dis- 
tribution intervals up to 60 sec. be- 
tween trials do not influence rate of 
learning verbal-discrimination lists of 
ten pairs when (a) pairs are presented 
at either a 2- or a 4-sec. rate, nor (b) 
when intra-pair similarity is high or 
medium. Intra-pair similarity has 
no appreciable effect on rate of learn- 
ing. 

McClelland (5) used lists of 20 pairs of ad- 
jectives having low inter- and intra-pair similar- 
ity. After Ss had learned to a criterion of 15 out 
of 20 items correct, they rested 2 min. and then 
relearned the list to mastery. With a 4-sec. 
presentation rate the 2-min. interval produced no 
effect on relearning, whereas with a 2-sec. rate 
faster relearning was observed (reminiscence). 





DISTRIBUTED PRACTICE 


Since reminiscence and effects of distributed 
practice are commonly believed to have a com- 
mon cause, note must be taken of the difference 
between McClelland’s findings and ours. 

Since we have shown that intra-pair similar- 
ity is a very minor factor in verbal-discrimination 
learning, the fact that McClelland’s lists were of 
low similarity is probably of small consequence. 
The most plausible hypothesis to account for the 
difference between McClelland’s and our results 
is the length of list used. When McClelland’s 
items were presented at a 4-sec. rate the number 
of trials to learn was roughly comparable to the 
number of trials required to learn the 10-pair 
lists presented at a 2-sec. gate in our experiments. 
No benefit of rest interval(s) was observed in 
either experiment. But, when McClelland pre- 
sented his 20-pair lists at a 2-sec. rate, the num- 
ber of trials to learn was considerably greater 
than in any condition of the present experiments. 
And, it was only under such conditions that 
McClelland found a 2-min. rest interval to be 
beneficial to subsequent learning. Thus, it is 
probable that longer lists than used in the pre- 
sent experiments would produce faster learning 
by distributed than by massed practice. 

In addition to increasing the length of the 
lists, the influence of inter-pair similarity must 
be investigated under varying conditions of dis- 
tribution. Increasing both the length of the 
list and inter-pair similarity of the items should 
make a fairly difficult learning task, a condition 
which usually, but not always (8), tends to in- 
crease the likelihood of producing faster learning 
by distributed than by massed practice. 


SUMMARY 


The experiments reported here used 
verbal-discrimination lists of ten pairs 


of two-syllable adjectives. Three 
variables were investigated in four 
experiments: (a) three inter-trial in- 
tervals, these being 4, 15, and 60 sec. 
between each trial; (b) two degrees of 
intra-pair similarity, and (c) two pres- 
entation rates, namely, 2 sec. per 
pair and 4 sec. per pair. The results 
show: 


1. No significant influence of distri- 
buted practice under either condition 
of similarity or under either presenta- 
tion rate. 
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2. No significant influence of intra- 
pair similarity on rate of learning. 


(Manuscript received 
December 18, 1950) 
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THE INFLUENCE OF EQUALITY JUDGMENTS 
ON THE CONSTANT ERROR 


BY LAWRENCE KARLIN 


New York University 


The objective of the present experi- 
ment was to examine the possibility 
that certain artifacts are produced by 
the method of constant stimuli which 
tend to distort estimates of the con- 
stant error (CE) obtained by that 
method. 

In a recent study using auditory 
stimuli, Doughty and Garner (4) 
found that the method of constant 
stimuli consistently yielded a smaller 
CE than did the method of average 
error. In a later study, Doughty 
demonstrated that the CE, calculated 
from a series of judgments in which the 
comparison stimuli are not symmetri- 
cal about the point of subjective 
equality (PSE), even though objec- 
tively symmetrical, is less in absolute 
magnitude than that of the “true” CE 
_ because of S’s “‘tendency to split his 
judgments 50-50 whenever presented 
with a difficult 2-choice situation” 
(3, p. 743). 

This conclusion is basically sim- 
ilar to inferences made in connection 
with work and learning theory (6, 9, 
10), to the effect that S tends to avoid 
repeating a response in two-choice 
situations when criteria for discrimina- 
tion are minimal or absent. The 
present study is an attempt to test an 
inference based on this hypothesis. 
Specifically, if the preponderance of 
judgments in one category of judg- 
ment be assumed to give rise to a 
tendency not to use that particular 
category, then the CE resulting from 
the use of three categories of judgment 
(including “‘equal” judgments) should 
be greater than the CE resulting from 
the use of only two categories (no 
“equal” judgments permitted). 


The purpose of this experiment, 
then, was to compare the magnitude of 
the CE’s obtained with the use of 
two and three categories of judgment: 
Since we wished to test only the effects 
of forced judgments of near equality, 
the present study, unlike previous 
studies (7), did not use variable stimuli 
but rather objectively equal stimuli. 
This was done also in order to elimin- 
ate the possible confounding influence 
of context (3) and intraserial effects 


(8). 
MetTHopD 


A pparatus.—The method of constant stimuli 
was employed with intensities of tones being 
successively compared. A tone of constant pitch 
and loudness was generated by a General Radio 
beat-frequency oscillator, and presented to S 
through earphones. The following conditions of 
stimulus presentation were held constant 
throughout the entire experiment: stimulus fre- 
quency at 500 cps; stimulus intensity at 78 db 
re .0002 dynes/sq. cm.; length of intra-pair 
interval at 5.2 sec.; and length of inter-pair 
interval at 20 sec. 

Procedure.—Twelve Ss, students in elemen- 
tary psychology and ignorant of the experimental 
purpose, participated. Each S attended two 
sessions at the same time on consecutive days. 
During each session, which lasted approximately 
20 min., 35 judgments were made in accordance 
with either 2-category or 3-category types of 
instruction as given below. Each S received 
both types of instruction, one-half of the group 
beginning with the 2-category and the other half 
with the 3-category instructions. 

In addition to the categories “louder than” 
and “softer than” used in the 2-category in- 
structions, the 3-category instructions included 
the category “equal to.” The only other differ- 
ence between the two sets of instructions was 
that the Ss in the 2-category situation were 
instructed to guess if they were not sure of a 
judgment. 
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EQUALITY JUDGMENT AND THE CONSTANT ERROR 


Resutts Anp Discussion 


Since the stimuli were compared in 
temporal succession, the CE in the 
present study is a time-error; the 
measure of the time-error used here is 
given by the expression: CE = 50- 
(100) L/L + S, where L and S refer 
to the number of “louder” and 
“softer” judgments. Consistent with 
previous definitions of the time-error 
(11), when L is greater than S, CE is 
negative ‘n determining the CE for 
the 3-category situation from the 
above formula, a question arises as to 
how to treat the equality judgments. 
Although Fechner and others (5) 
originally recommended dividing them 
equally, the procedure recommended 
by Culler (2), Guilford (5), and Kel- 
logg (7) is to divide them propor- 
tionally between the other two cate- 
gories. This latter recommendation 
is based partly on research (1) which 
shows that “forced” guessing yields 
more correct than incorrect responses. 


Since the rationale of the present 
study is intimately concerned with 
these questions, both of the above 
procedures are used in treating the 


results. Table I, therefore, shows 
three CE’s for each S, one CE for the 
2-category situation (CE,) and two 
CE’s for the 3-category situation, in 
which one of the 3-category CE’s is 
determined from an equal division 
(CE,), and the other is determined 
from a proportional division (CE,) of 
the equality judgments. 

Inspection of Table I shows that all 
of the CE, values are greater in ab- 
solute magnitude than the correspond- 
ing CE, values. The over-all signifi- 
cance of these differences is indicated 
by the fact that the mean difference 
between CE, and CE¢ is significant at 
the .01 level. The ¢ for the mean 
difference obtained when signs are 
ignored is the more appropriate sta- 
tistic and of course yields an even 


TABLE I 


Constant Errors ror Two- AND 
Turee-CaTecory JUDGMENTS 








2-Category 3-Category 








OBNA US WW 























* Proportional distribution of equal judgments. 

** Equal distribution of equal judgments. 

*** Absolute values of CE’s were used in computing 
these statistics. 


more significant value. On the other 
hand, the mean differences between 
CE, and CE, are not statistically 
significant. It may be noted, how- 
ever, that these differences lie in the 
opposite direction from differences 
obtained when CE, is compared to 
CE:. In general, then, CE, shows a 
significant tendency to overestimate 
and CE, a nonsignificant tendency to 
underestimate CE>.! 

The question that remains is which 
measure of the CE should be used in 
testing the hypothesis under investi- 
gation. Although it is believed that 
CE, is the more appropriate measure, 


1 Although N is only 12, the magnitudes of the 
correlation coefficients shown in Table I suggest 
that each of the three types of CE yields com- 
parable data as far as relationships among indi- 
viduals are concerned. 
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the results obtained with both CE, 
and CE, are consistent with the hy- 
pothesis under consideration. This 
conclusion is based on the assumption 
that S’s low-confidence or “forced” 
judgments in the 2-category situation 
are governed by a bias which is simi- 
lar to that which affects his other 
judgments in this situation (1,5). If 
this were the only factor, then CE, 
would tend to equal CE; since the pro- 
portional division of the equality? 
judgments made in computing CE, 
would then agree with what S, ac- 
cording to this factor, had done with 
his “forced” or low-confidence judg- 
ments made in the 2-category situ- 
ation. On the other hand, the hypo- 
thetical tendency to avoid repeating 
a response will, as indicated above, 
attenuate CE, more than CE,. 
Thus the joint operation of these two 
factors yields a CE, which is greater 
than CE. In the case of CE, the 
equal division of the equality judg- 
ments is consistent with what S tends 
to do with his low-confidence judg- 
ments solely on the basis of the tend- 
ency to avoid repeating a previous 
response. However, since this pro- 
cedure neglects S’s bias which, as 
mentioned above, is assumed to in- 
fluence both high- and low-confidence 
judgments similarly, CE, will then be 
less than CE». 

Apart from these considerations, 
the comparison of CE, with CE; pro- 
vides a direct test of the hypothesis 
free from the complicating considera- 
tions involved in using CE,. Es- 
sentially, the present hypothesis as- 
serts that the ratio, L/L+ 5S, will 
change in a predictable manner from 
the 2- to the 3-category situation. 
Since the computation of CE, is 


2It is assumed here that the equality judg- 
ments in the three-category situation are practic- 
ally all low-confidence judgments. An experi- 
ment related to this assumption is in process. 


LAWRENCE KARLIN 


equivalent to omitting the equality 
judgments, just this comparison is 
provided. The hypothesis contains 
no direct specification concerning how 
the equality judgments should be 
divided but merely states that S will 
show a greater tendency to equalize 
the “louder” and “softer” judgments 
when two, rather than three, cate- 
gories are used and that, therefore, as 
was found in the present study, the 
ratio, L/L + S, will more nearly ap- 
proximate 50 per cent when two, rather 
than three, categories are used. 


SUMMARY 


When stimuli of equal objective 
magnitude are compared, the CE 
determined with the use of an equality 
category is greater than the CE deter- 
mined with the use of only two cate- 
gories, providing that the former CE 
is determined from a proportional 
division of the equality judgments. 
This result is discussed in terms of an 
hypothetical tendency to avoid re- 
peating a previous judgment. In 
general, the evidence in the present 
study is interpreted to mean that the 
3-category situation provides a more 
valid estimate of the CE. 


(Manuscript received 
January 2, 1951) 
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THE RELATIONSHIP OF EMOTIONALITY TO THE 
CONSUMMATORY RESPONSE OF EATING! 


BY PAUL S. SIEGEL AND JAMES J. BRANTLEY 
University of Alabama 


In an earlier article, Siegel and 
Siegel (7) reported an increase in the 
water intake of the rat immediately 
following intermittent faradic stimu- 
lation. This finding was discussed 
within the context of certain molecu- 
lar theories on the nature of thirst. 
It was pointed out that intense emo- 
tional disturbance is accompanied by 
physiological changes of a kind and 
magnitude adequate to produce both 
general cellular dehydration and local 
dryness of the buccal cavity. The 
observed increase in water intake was 
“explained” as an adaptive response 
to these tissue needs. Later, Amsel 
and Maltzman (2) in an independently 
conceived study reported a similar 
empirical relationship. However, 


they proposed a molar explanation 
interpreting the finding as a con- 


firmation of Hull’s hypothesis of 
generalized drive (3). The emotional 
state induced by faradic stimulation 
was viewed as a positive contribution 
to the total drive level of the organism. 
Drinking, as a consummatory re- 
sponse, was thus strengthened or 
facilitated. Amsel and Maltzman 
recognize that the specific nature of 
the consummatory response is in no 
way central to this hypothesis. Any 
response should be augmented by the 
introduction of emotionality provided 
(a) the drive level is not already 
maximal, (b) the appropriate stimulus 
occasion for the elicitation of the re- 
sponse is presented, and (c) stimuli 
eliciting competing responses are ab- 
sent. These considerations have led 

1This research was supported in part by a 


grant from the Research Committee of the 
University of Alabama. 


them directly to a differential pre- 
diction. They have reasoned that the 
tissue dehydration hypothesis must 
necessarily predict a decrease in the 
intake of dry food following emotional 
stimulation because of mechanical 
and _ physiological embarrassment. 
The generalized drive hypothesis must 
necessarily predict an increase in dry 
food intake (augmented consumma- 


‘tory response) if the above conditions 


are realized. Concretely, the inges- 
tion of dry food in a familiar eating 
situation should be exaggerated by 
emotionality produced through fara- 
dic stimulation carried out in some 
other discrete and contrasting en- 
vironment. This obviously contra- 
dicts “common sense” and the iinpli- 
cations of the tissue dehydration 
hypothesis. The experiment here re- 
ported represents an attempt to test 
this prediction. 


MetTHop 


Subjects and apparatus.—The experiment em- 
ployed 16 male albino rats of the Sherman strain. 
Ages ranged from 176 to 206 days. Weights 
ranged from 290 to 375 gm., with a mean of 328 
gm. 

Special dry feeding cups were utilized. The 
cup, described by Geo. H. Wahman Mfg. Co. as 
item no. LC-306, is designed to eliminate spillage. 

The shock environment consisted of a rec- 
tangular compartment, 11 in. long, 6} in. wide. 
and 10 in. deep, with a grid floor fashioned from 
brass rod, 7 in. in diameter, spaced $ in. apart. 
An inductorium served as a stimulus source. 
The intensity of the shock was adjusted to just 
yield in a test animal the typical behavioral 
symptoms of emotionality (mincing gait, vocal- 
ization, defecation, and urination). 

The laboratory environment varied irregu- 
larly in temperature between the limits, 75° and 
a 8 

Procedure.—The Ss were handled daily until 
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EMOTIONALITY AND EATING 


all overt indices of resistance and disturbance 
had been extinguished. They were then de- 
prived of food for 24 hr. and placed on the fol- 
lowing schedule. With the water bottle absent, 
the food cup containing dry crushed Purina 
kibbled meal was placed in the home cage. It 
was removed at the end of 30 min. and the weight 
differential recorded. The cup was then rein- 
troduced for another 30-min. dry feeding interval. 
A second measurement was made at the end of 
this period. To maintain normal body weight, 
the food cup was then returned together with the 
water bottle for a full hour. At the end of this 
period, the cup was removed. The water bottle 
remained for the 214-hr. interval between daily 
tests. ‘The procedure was repeated on successive 
evenings (6:30 to 9:00 p.m.) until the total 
volume of food ingested during the two dry feed- 
ing intervals had become stable. Stability was 
defined as three successive daily measurements 
yielding no statistically significant change in the 
mean weight of dry food consumed. Adaptation 
was quite rapid and the stability criterion was 
met by the fifth day. For Days 3, 4, and 5, the 
mean total intake of dry food for the two 30-min. 
intervals was 9.49 gm., 9.62 gm., and 9.02 gm., 
respectively. 

The Ss were then divided into two groups, 
matched on the basis of mean dry food intake 
during the three criterion tests. One group 


(N = 8) was arbitrarily designated as the 


“emotional” group; the other served as a control. 
On the sixth day,? approximately 10 min. before 
the first dry feeding interval, each S of the emo- 
tional group was removed from the home cage 
and placed in the shock compartment located in 
another room. There the animal experienced 
60 sec. of intermittent faradic stimulation. ,An 
effort was made to produce no hyperactivity 
which might conceivably confound the results. 
All the details of traumatizing S were carried out 
by an E who had no other contact with S. The 
precautions of shocking in another experimental 
room and of utilizing a second E there were 
deemed advisable to minimize “carry over” 
from the shock situation to the eating situation. 
Such a generalization might conceivably produce 
an avoidance of food (competing response). 
To minimize disturbance of the eating situation, 
all Ss were faradically stimulated before the 
introduction of the first food cup. This pro- 
duced a temporal gap between emotional stimu- 
lation and food ingestion of lto 10 min. During 
the interval of punishment for the emotional 


2 The Ss were weighed in the morning. An 
exact specification of motivation should include 
the fact that at this point the Ss had on the 
average been reduced to 95.2 per cent of their 
original body weight. 
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group, the control group remained in the undis- 
turbed home cage environment, i.e., the proce- 
dure did not differ from that of the preceding 
tests. 

In the subsequent measurement of food in- 
take during the two 30-min. intervals, except 
for the operation of removing and weighing the 
food cups between periods, the £’s remained out 
of the laboratory. This would further minimize 
“carry over” from shock situation to eating 
situation. 

On the succeeding Day 7, Ss in the control 
group of Day 6 were treated as emotional Ss, 
ie., shocked for 60 sec. and subsequent food 
intake measured. 


REsuLts AND Discussion 


The experimental design is “double 
barrelled.” One may compare the 
food intake of each S immediately 
following emotional stimulation with 
his normal food intake of the preced- 
ing evening, upon the assumption that 
the latter constitutes a stable base 
line and that no uncontrolled deter- 
mining factor has become operative 
during the interim.* On the other 
hand, one may compare the two 
matched groups of Day 6. Since it 
provides for the intrusion of uncon- 
trolled determining factors, the latter 
analysis should be regarded with 
greater confidence. 

Table I presents both analyses. 
The results are essentially the same in 
both instances. For both the first 
and second 30-min. measurements, 
the emotional Ss yield a greater mean 
dry food intake. In the design of the 
experiment, the selection of two 30- 
min. intervals of measurement was 
dictated by an a priori consideration 
that the mechanical embarrassment 
predicted by the tissue dehydration 
hypothesis might be initially overrid- 


3 During Day 6, the mean total dry food in- 
take of the control was 9.24 gm. Comparison 
with the values obtained for the entire group on 
the three preceding adaptation days, 9.49 gm., 
9.62 gm., and 9.02 gm., argues for an essential 
stability of this base line. 


4 
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TABLE I 


Normat Dry Foop Intake anp Dry Foop 
INTAKE FoLtLowtnc Emotionat STIMULATION 








Food Intake 
in Grams 


Test Period 


Normal | Emo- 


tional 





Each S as Own Control (N = 16) 


First 30 min. 2: 5.71 | 2.00 
Second 30 min. 3. 4.32 1.74 
Total 


10>p>.05 

.20>p>.10 

10.03 2.94 | 02>p>.01 
| 


Matched Groups (N = 8) 








10>p >.05 
50 >p >.40 
02 >p>.01 


Second 30 min. 4.01 


Total 9.24 10.41 





j 
| 
First 30 min. 5.23 | 





den by intense hunger. We see, how- 
ever, that the emotional Ss eat more 
from the very outset. Indeed, the 
effect is somewhat greater during the 
first 30-min. interval. For the more 
reliable 1-hr. total, the difference 
justifies statistical confidence. We 
interpret our findings as contradictory 
to the tissue dehydration hypothesis 
and as confirming prediction from 
Hull’s hypothesis of general drive. 
At the present writing, it is impossi- 
ble to make any definitive evaluation 
of the generalized drive hypothesis. 
Studies specifically designed to test 
the hypothesis have yielded contra- 
dictory evidence. Amsel (1) and 
Amsel and Maltzman (2) find both 
negation and support in their observa- 
tions. The two positive studies of 
Kendler (5) and of Webb (8) are sub- 
ject to alternative interpretations. 
Siegel (6) has reported negative re- 
sults, but under conditions that could 
be regarded as unfavorable to the 
hypothesis. Presumably, in consid- 
eration of these findings, Hull has re- 


PAUL S. SIEGEL AND JAMES J. BRANTLEY 


cently abandoned his earlier broad 
position in favor of the more restricted 
statement that: “At least some drive 
conditions tend partially to motivate 
into action habits which have been 
set up on the basis of different drive 
conditions” (4, p. 176). 


SUMMARY 


In agreement with Hull’s general- 
ized drive hypothesis, it was found 
that rats made emotional by faradic 
“teasing” ingest a greater than normal 
amount of dry food when subse- 
quently placed in a familiar eating 
situation. 


(Manuscript received 
December 14, 1950) 
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FRACTIONATION OF TEMPORAL INTERVALS! 


BY LEE W. GREGG 


University of Wisconsin 


A number of useful scales of psy- 
chological magnitudes have been 
constructed on the basis of data ob- 
tained by psychophysical methods. 
Stevens’ (6) sone scale for the psy- 
chological magnitude loudness, 
Stevens and Volkman’s (8) mel scale 
for pitch, and Harper and Stevens’ 
(2) veg scale for lifted weights are 
representative examples. Basically, 
the operations involved in the con- 
struction of such scales establish a 
relationship between S’s evaluation 
of the magnitude of the stimuli and 
the conventionally determined values 
of the stimuli within the particular 
dimension. In all the above scales, 
the fractionation technique was used 
successfully to obtain the basic data. 
The present investigation is concerned 


with the application of the fractiona- 
tion technique to the time dimension.” 
The variables affecting judgments 


of time are numerous. Besides the 
more usual ones dealing with the na- 
ture of the interval and state or set 
of the organism, two stand out as 
rather unique. Both the time order 
error and the extent of the time range 
have been shown to influence temporal 
judgments. Stott (10) has shown 
that the second of a pair of 1,000- 


1 This report is based on a thesis submitted in 
partial fulfillment of the requirements for the 
M.S. degree. I am indebted to Dr. W. J. 
Brogden under whose direction the research was 
conducted. This investigation was supported in 
part by the Research Committee of the Graduate 
School from special funds voted by the Wisconsin 
State Legislature. ‘ 

2 After this article was submitted for publica- 
tion, a study of subjective time by Ross and 
Katchmer (5) was submitted and published. 
However, the durations used by them for 
fractionation were all longer than tose used in 
the present study. 


cycle tones is relatively underesti- 
mated for durations from 2.0 to 36.0 
sec. Since the procedure followed in 
fractionation requires a successive 
comparison of two stimuli, the time 
order error should be expected to have 
a differential effect depending on 
whether the standard precedes or 
follows the variable stimulus. The 
experimental design of the present 
study permits an evaluation of the 
factor. Postman and Miller (4) 
found that a comparison stimulus of 
greater duration than stimuli of a 
previously judged series of durations 
brought about a shift in the relative 
judgments of the magnitudes of the 
durations. While this finding was 
obtained under very different condi- 
tions from those employed in the 
present study, the implication is that 
the generality of any time scale is 
limited in terms of the range of the 
stimuli used. A further complication 
which provides serious limitations 
from a theoretical viewpoint, at 
least, is the fact that different results 
may be obtained when a bisection or 
equal-sense-distance technique is em- 
ployed rather than fractionation. 
Stevens and Davis (7) discuss this 
problem with reference to the sone 
scale, but regardless of the sensory 
continuum this aspect of the measure- 
ment problem is a relevant one. 

In the fractionation technique, S’s 
task is that of producing a stimulus 
which he judges to be one half of a 
standard, e.g., a tone half as loud or 
half as high in pitch or, in this case, 
half as long in duration as another. 
The temporal intervals of this study 
were “filled” intervals defined by the 
duration of a 1,000-cycle tone. Five 
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standard durations were used. These 
were 400, 800, 1,600, 2,400, and 4,800 


msec. The method of average error 


was used to obtain the judgments. 


APPARATUS AND PROCEDURE 


Experimental design.—Each of 36 Ss made 
ten judgments for each of the five standard dura- 
tions. Three sequences of the standards were 
used: an ascending series (400, 800, 1,600, 2,400, 
and 4,800 msec.); a descending series (4,800, 
2,400, 1,600, 800, and 400 msec.); and a random 
series (800, 4,800, 400, 2,400, and 1,600 msec.). 
Twelve Ss were assigned at random to each 
sequence. Half of the Ss in a given sequence 
received the standard first for five of the ten 
judgments at a particular duration of the stand- 
ard followed by five judgments in which the vari- 
able preceded the standard. The other half 
received the reverse order for their comparisons. 

Apparatus.—An electronic chronoscope was 
used to measure the durations of both the stand- 
ard and the variable stimulus and to calibrate 
the electronic interval timer which controlled 
these durations. This chronoscope has been 
described earlier in a paper by Chernikoff and 
Brogden (1). It was calibrated to read directly 
in milliseconds. 

The electronic interval timer has been de- 
scribed by Wald (11) and more recently by 
Hunter and Brown (3). The modified timer 
used in the present experiment used precision, 
continuously variable resistance units, trade 
name “Helipots.” This variable resistor. pro- 
vides fine adjustment throughout its range by 
means of a single shaft rotating through 5,400 
degrees—15 turns. It was essential that such 
provision be made since the method of average 
error requires S to directly control the variable 
stimulus. Unless a sufficiently great number of 
turns of the S’s control be available, motor and 
visual cues from the control itself invalidate the 
judgments. Under the conditions of operation 
in this experiment, the timer was accurate within 
one per cent. 

Procedure.—The S sat facing a table placed 
against one wall of the sound-treated experimen- 
tal room. On the table were a telegraph key to 
be used for signalling and a small black box con- 
taining the Helipot controlling the variable— 
duration stimulus. A pair of 2-in. loudspeakers 
was fastened beneath the table, one on each side 
to the right and left of S. Thus, since both of 
the speakers were approximately the same dis- 
tance from S’s ears, the stimulus tones were of 
indefinite localization. The intensity of the 
tone was approximately 18 db above the thres 
old of hearing. A Wien bridge oscillator servea 
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as the source of the stimulus tones. The output 
of this oscillator was shorted through the con- 
nections of the interval timer except during the 
timing interval when this signal energized the 
loudspeakers in S’s room through a Hewlett- 
Packard attenuation pad and matching trans- 
former. The duration of the tone was measured 
by the electronic chronoscope. 

The experiment was carried out in two ses- 
sions. The first was a practice session in which 
S received instructions and practice on each of 
the durations. S was told that he would hear a 
pair of tones in rapid succession, one of which was 
a standard, the duration of which would remain 
constant, and the other of which was the vari- 
able, the duration of which he would be able to 
change. After listening to the first presentation 
of this pair of tones, he was to make a first ap- 
proximation to the half-value of the standard 
duration by rotating the control knob in the 
proper direction. An arrow pointing in the 
clockwise direction with the word “increase,” 
and another pointing counterclockwise with the 
word “decrease,” were affixed to the face of the 
black box, which was otherwise without mark- 
ings, as was the control knob. After making 
this first adjustment, S closed the telegraph key 
to signal E that he was ready to hear the tones 
again. The pair of tones was again presented; 
another adjustment was made by S; and he 
signalled to hear the tones again. S was told to 
take as long as he wished to make his decisions, 
and that he would be allowed to hear the pair of 
tones as many times as he desired. When satis- 
fied that he had produced a tone that “sounded” 
half as long as the standard, S signalled E to re- 
cord the setting. After each judgment, the 
control knob was thrown off S’s previous setting 
by £ in a predetermined manner, by means of a 
remote control of S’s Helipot. 

The instructions requested S$ to refrain from 
counting of any sort and cautioned him against 
using motor or visual cues, or such rhythmical 
physiological devices as breathing rate, pulse 
rate, or heartbeat. The S was also instructed 
to use a bracketing technique in making the suc- 
cessive approximations. 

In the initial sessions, S received practice on 
each of the five standards in the same order as 
later given in the experiment proper. The ex- 
perimental session was given approximately one 
week following the practice session. The S was 
told whether the standard or the variable stimu- 
lus was to be the first tone of the pair, but the 
actual values of the standards were not known to 
him. The interval between the stimulus tones 
was not constant, but varied between 1.5 and 2.0 
sec. with a mean of about 1.75 sec. 

Subjects —The Ss for this experiment were 36 
students in elementary psychology at the Uni- 
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versity of Wisconsin. There were 19 men and 
17 women. The Ss were run in two groups of 
18 which were later determined not to be sig- 
nificantly different. 


RESULTS 


The median of the five judgments 
made by each S with the standard 
first and the median of the five judg- 
ments with the variable first for each 
standard duration were obtained. 
Table I presents the means of these 
medians for the 36 Ss as well as the 
means for the combined median judg- 
ments. The standard deviations are 
for the combined scores. Figure 1 is 
a plot of the combined mean half- 
judgments against the durations of 
the standards. The vertical lines 


indicate the magnitudes of the stand- 
ard deviations. 

Bartlett’s test for homogeneity of 
variance was applied to the combined 
data using the means of the median 
half-judgments. 


The _ significance 
test is between variances for the five 
durations of the standards. The 
x? was found to be 145.09 based on 
35 df; for 30 df, x? at the .001 level is 
59.70. Since the variances are not 
homogeneous, no comparisons of the 
means for the several durations of the 
standard were made. It is obvious 
from Fig. 1, however, that the particu- 
lar values of the standard were such 


TABLE I 


Means or MEDIAN FRACTIONATION 
Jupcments (1n MILuseconps) 
(N = 36) 








Dura- Stand- 
tion of ard 
Standard First 





190.1 
391.7 
779.0 
1,259.2 
2,725.0 
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Fic. 1. Plot of mean half-judgments against 
the standard durations. The vertical lines 
represent the value of one SD above and below 
the mean for that particular duration. 


that the durations were easily dis- 
criminated. 

For a particular duration of the 
standard, it is possible to test the 
difference between the means for the 
conditions of standard first and vari- 
able first. Since half of the Ss made 
five judgments with the standard first 
followed by the variable first in the pair 
of tones and the other half made their 
judgments in the reverse order, the 
comparisons between the two condi- 
tions are for all 36 Ss, the order vari- 
able being counterbalanced within the 
block of judgments. No significant 
F’s were found for the variance ratios 
for the two conditions of position of 
standard with respect to the variable 
stimulus. The separate t’s were car- 
ried out using a formula for related 
measures, and are shown in Table I. 
It will be seen that with the 400 msec. 
tone, the half-duration is judged to 
be longer (p < .01) when the stand- 
ard occurs first, but with the 4,800- 
msec. tone the half-duration is judged 
to be longer (p < .01) when the 
variable occurs first. These differ- 
ences are reflected in Fig. 2, which 
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Fic. 2. Per cent overestimation of mean 
half-judgments. The dot-dash line connects 
means obtained when the standard preceded the 
variable stimulus; the dash line connects means 
obtained when the variable preceded the stand- 
ard; the solid line represents all judgments. The 
per cent values are based on the actual value of 
half the standard. 


shows the mean half-judgments ex- 
pressed as percentages of the actual 


half values as a function of the dura- 
tion of the standard. 


Discussion 


The results indicate that the frac- 
tionation technique can be used to ob- 
tain a reliable time function for dura- 
tions as widely disparate as those 
used in this study. In fact, for the 
range of durations covered, this func- 
tion appears to be quite linear. Indi- 
vidual Ss over- or underestimated the 
half values sometimes by as much as 
50 per cent, but seemed to be rather 
consistent in either over- or under- 
estimating. This is probably ac- 
counted for in terms of differing cri- 
teria from S to S. For the group as 
a whole, the agreement between the 
half judgments and the half values as 
determined by the conventional sys- 
tem of time keeping is very close. 
We conclude that under these condi- 


tions of measurement Ss from this 
population can on the average ac- 
curately judge temporal intervals. 

What are the factors making such 
accuracy possible? First, the experi- 
mental design was such as to permit 
balancing out of such variables as the 
sequences in which judgments for the 
several standards were made, the time 
error arising from successive compari- 
son of standard and variable, and the 
order in which the judgments for 
standard first and variable first were 
made. There was no incentive for 
Ss either to hurry through their 
judgments or prolong them. They 
were to report for a given period of 
time and expected to remain for that 
period. Furthermore, the bracketing 
technique tends to eliminate gross 
errors and permits S to make esti- 
mates as carefully as possible within 
the limits of discrimination. The 
durations of the standard were neither 
so long nor so short that estimation 
was difficult. Finally, over and above 
the conditions peculiar to the experi- 
mental situation is the emphasis 
placed on time by our society. We 
are called upon almost daily to make 
estimations of temporal intervals, 
and from an early age we become 
familiar with clocks and other time 
pieces and their use in scheduling our 
activities. 

The time error is shown graphically 
by the broken lines of Fig. 2. The 
significant difference between the 
standard-first and the variable-first 
judgments at the 400-msec. duration 
and the significant reversal in the 
direction of the difference at the 4,800- 
msec. standard is in accord with the 
earlier finding of Stott (10). He 
found that for short temporal inter- 
vals, the second of a pair of tones was 
relatively underestimated with re- 
spect to the first. Since it is under- 
estimated, its actual duration in time 
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must be longer than that of the first 
if the two are to be judged equal. 
We see that for the 400-msec. stand- 
ard, a short duration, the estimated 
value of the variable is greater than 
the actual half-value when the stand- 
ard is followed by the variable. 
Thus, the variable must have been 
underestimated with respect to the 
judged half-standard and made longer 
in duration to sound equal to S’s 
estimate of the half-value. Con- 
versely, when the variable is the first 
tone of the pair, it follows that for 
short durations the variable must be 
made shorter in duration to “sound” 
equal to the shorter-appearing half- 
value of the standard. For longer 
durations, Stott found that the second 
of the pair of tones was relatively 
overestimated with respect to the 
first. On the basis of this, we expect 


that the variable should be shorter in 
duration when it is the second of the 
pair than when it is the first of the 
This is confirmed by the di- 


pair. 
rection of the significant difference for 
the 4,800-msec. standard. 

In the fractionation method, how- 
ever, we have an additional complica- 
tion. At the time of the final judg- 
ment by S, the variable is necessarily 
considerably shorter than the stand- 
ard. Ifthe longer tone, the standard, 
precedes, the variable tone appears 
shorter in contrast. If the shorter 
tone precedes the longer, the latter 
appears longer. In either case, the 
tendency is the same, namely, to 
make the actual duration of the vari- 
able greater. On the basis of this, we 
would expect the mean _ half-judg- 
ments to be greater than the actual 
half-values. 

On the basis of the time function 
established by these data, a scale of 
subjective time was constructed in 
the same manner as that desc-ibed 
by Stevens (6). The procedure was 


s 
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Fic. 3. The temp scale 


as follows. One subjective time unit, 
one temp, was arbitrarily chosen as 
equivalent to 1,000 msec. (1 sec.). 
This point was first plotted on the 
curve of Fig. 3. From Fig. 1, the 
duration which was judged to be half 
of 1,000 msec. was found to be 505 
msec. and this was assigned the value 
of .5 temp. The .25-temp point was 
obtained similarly. The value of 
two subjective time units was assigned 
to the duration judged to be twice as 
long as 1 sec. to give the fourth point 
on the curve, and so on for the fifth. 
The “temp” is the name suggested 
for the subjective time unit, and the 
curve connecting the above points 
accordingly has been designated the 
“temp scale.” 


SUMMARY 


A reliable time function was estab- 
lished for five temporal intervals of 
400, 800, 1,600, 2,400, and 4,800 
msec. by the method of fractionation. 
Thirty-six Ss made ten judgments 
each for each of the five intervals. 
The means of the median half-values 
for all Ss were overestimations of 
2.00, 2.08, 1.16, 6.52, and 9.31 per 
cent. 
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A scale of subjective time, the 
“temp scale,” was constructed from 
the fractionation data, and the vari- 
ables that probably influence the 
form of the scale were discussed. 


(Manuscript received 
December 11, 1950) 
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THE EFFECT OF SLEEP PRIOR TO LEARNING 


BY PHILIP WORCHEL 
University of Texas 


AND 


MELVIN H. MARKS 


Tulane University 


On the basis of their investigations 
of the rate of forgetting during sleep 
and waking, Jenkins and Dallenbach 
(5) proposed the hypothesis that, 
“forgetting is not so much a matter 
of the decay of old impressions and 
associations as it is a matter of the 
interference, inhibition, or obliteration 
of the old by the new.”” Although the 


retention curves for human Ss showed 
no greater loss after 8 hr. than after 
2 hr. of sleep, there was a drop of 45 
per cent in the first 2 hr. of sleep. 
Believing that this initial loss in re- 
call was due to activity preceding 
sleep, Minami and Dallenbach (6) 


attempted to determine the effect of 
inactivity and forced activity on 
learning and retention in the cock- 
roach. The results of this study sug- 
gest the possibility that the initial 
drop in the Jenkins-Dallenbach curve 
of retention during sleep may be due 
not to any assumed activity going on 
during the sleep process, but to the 
effect of sleep on learning capacity. 
As their study contains an historical 
section, a general review of the earlier 
literature is omitted. 


PROBLEM 


The present study was conducted 
to determine (1) the effect of sleep on 
learning and (2) the effect on retention 
of sleep before and after original learn- 
ing. 


PROCEDURE 
Two Ss, M. Marks (MM) and J. Weiss (J), 


served throughout the course of the experiments. 


Both were graduate students in psychology; 
neither had had any experience in memory ex- 
periments. Because dormitory sapce was lim- 
ited, both Ss were not run concurrently. MM 
served first and then assisted with JW. Both 
MM and JW worked as Ss without knowledge 
of the specific nature or object of the problem 
though they may have inferred from the Jenkins- 
Dallenbach experiment that we were interested 
in the effect of sleep on retention. 

A modified form of the Lippman memory 
drum was used. Lists of 12 nonsense syllables 
were prepared from Glaze’s tables of three-letter 
syllables (2). The usual rules were followed in 
selecting our syllables and making up our lists. 

Each list was pronounced aloud by S until 
every syllable was correctly anticipated during 
a single trial. If S made an incorrect anticipa- 
tion, he was required to pronounce the correct 
syllable when it appeared. Aftera sleep interval 
of approximately 6} hr., S relearned the list to 
the same criterion. Only one list was presented 
at any one session. The number of trials nec- 
essary for both learning and relearning was re- 
corded; incorrect anticipations were noted. On 
the experimental nights, S retired at 10 p.m. in 
the improvised dormitory set up in the labora- 
tory. At 11:30 p.m. he was awakened by E£. 
During the next 8 to 10 min., S washed his face 
with cold water in a nearby lavatory and re- 
turned to the experimental room. At this time 
E questioned S about his wakefulness. The S 
then seated himself in front of the apparatus 
which was illuminated by a 200-w. ceiling lamp. 
The E read the instructions and then stood be- 
hind S and recorded responses. After the final 
repetition, S retired immediately. At 6:00 a.m. 
S was again wakened by E and the process was 
repeated. On the control nights the same pro- 
cedure was followed except that, instead of re- 
tiring at 10:00 p.m., S read or listened to the 
radio, and just before 11:30 p.m. prepared for bed. 
The learning series was then administered at 
11:40 p.m. 

The experimental design may be summarized 
as follows: 

Experi- 
mental: Sleep (14 hr.)—learn—sleep (63 hr.)—telearn 
Control: Awake —learn—sleep (6} hr.)—relearn 
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TABLE I 


Mean TRIALS AND ErRorRS TO THE CRITERION OF LEARNING AND RELEARNING 
WITH AND WITHOUT SLEEP Prior To LEARNING 








Trials 


Learn | Relearn 


Mean | oM } 


Subject MM 
Prior sleep 
Prior waking 
Difference 


Subject JW 
Prior sleep 
Prior waking 
Difference 











| Errors 





| Saving | Learn Relearn | Saving 


Mean 











The experimental and control sessions were 
given in a counterbalanced order: ABBA, 
BAAB, etc. The order was always unknown to 
S. Both Ss after each session reported that they 
remembered being awakened for the learning 
experiments. In order to accustom the Ss to 
the experimental conditions, for five days prior 
to the experiment proper they slept in the labora- 
tory dormitory. They retired at 10:00 p.m. each 
night, after having learned a practice series of 
nonsense syllables. During the experiment, 
sessions were conducted daily with the exception 
of Saturdays. The Ss did not object to the 
routine, nor at any time were they indisposed. 
Twenty series (10 control, 10 experimental) 
were given to MM, and 18 (9 control, 9 experi- 
mental) to JW. 


RESULTS 


The number of trials required to 
reach criterion on each of the five 
practice days was 25, 16, 11, 16, and 
14 for MM, and 20, 13, 16, 15, and 8 
for JW. Since each S served as his 
own control, and the control sessions 
were given in counterbalanced order 
with the experimental sessions, it was 
not considered necessary to continue 
the practice until a definite plateau 
was reached. 


1 JW served in 20 series, but one pair was 
excluded from the statistical analysis. The S 
admitted that he had fallen asleep prior to re- 
porting for one of the control sessions. 


Table I gives the learning and re- 
learning measures for each S under 
the sleep and waking conditions prior 
to original learning. The number of 
incorrect anticipations required to 
reach the criterion includes overt 
errors and failures to respond. 

The mean differences between the 
experimental and control relearning 
scores were calculated from the differ- 
ences between paired measures (each 
experimental session versus a cor- 
responding control session). Neither 
of the obtained differences between 
repetitions for relearning is significant, 
and only the difference between er- 
rors for MM is significant at the .05 
level of confidence. It is apparent 
that a period of sleep before learning 
does not lead to better retention under 
the conditions of our experiment. 

The second problem of this study 
was to determine the effect of sleep on 
learning. As shown in Table I, more 
trials and errors were required to 
bring learning to the criterion when 
sleep preceded learning than when 
normal “waking” activity preceded 
learning. All of the differences are 
significant at the .01 level of confi- 
dence. 





SLEEP PRIOR TO LEARNING 


The number of incorrect anticipa- 
tions for each of the 12 serial positions 
in both experimental and control 
sessions for the two Ss shows the 
usual bow-shaped distribution. The 
introduction of sleep prior to learning 
had no effect on the form of the dis- 
tribution. 


Discussion 


Ever since experimental work on 
forgetting as a function of intervening 
activity was introduced by Miller and 
Pilzecker (7), efforts have been di- 
rected towards comparing the effects 
of various degrees, kinds, and amounts 
of intervening activities on retention. 
It has been assumed that the effect, 
if any, was on “retention.” The in- 
vestigators have failed to consider the 
possibility that conditions at the time 
of recall or relearning may have af- 
fected performance. Before any con- 


clusions can be drawn on the effect of 
activity on “retention” it is necessary 
to fractionate out that portion of the 


decrement due to the effect of the 
activity on learning ability. 


Hunter (4), for example, found that cock- 
roaches, when immobilized by cold immediately 
after learning an avoidance response to darkness, 
took longer to relearn this task than controls 
that were held at normal temperatures and 
permitted normal activity during the learning- 
relearning interval. It is necessary to determine 
the effect of immobilization by cold on learning 
so that we may determine what effect, if any, 
cold has on retention. Again, all investigations 
concerning the effect of drugs given some time 
between learning and a measure of retention 
should include a determination of the effect of 
these drugs on learning ability (8, 9, 10, 13). 

The present study shows that 1} hr. of sleep 
prior to learning significantly impairs that learn- 
ing with respect to learning of equivalent ma- 
terial preceded by normal waking activity. It 
may be that some physiological process taking 
place either during sleep or upon awakening just 
prior to learning impairs the learning perfor- 
mance. The initial decrements observed in 
“retention” curves under conditions of inter- 
polated sleep, may be due not to a decrease in 
the number or strength of the associations estab- 
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lished during learning, but rather to the effect 
of the prior sleep in changing the learning capac- 
ity at the time of relearning. 

It might be contended that the effect of sleep 
on learning was due to the “sleepiness” of the Ss 
when they were required to learn immediately 
after sleep. The results of one trial with JW, 
which was not included in the tables, are sug- 
gestive. The S came to the laboratory at 
11:30 p.m. for a control session. After learning 
the list of syllables, he remarked that he had 
fallen asleep at about 9:30 and did not awaken 
till 11:00 p.m. He drove his car to the labora- 
tory. One-half hour intervened between his 
awakening and the learning. The number of 
trials required to attain the criterion in this one 
session was 13. This score is far above the mean 
(8.1) of the control sessions, and definitely shows 
the impairment in learning ability due to sleep. 

The results show that activity for 14 hr. 
before learning is not responsible for the drop in 
retention. All activity in learning prior to that 
may, however, affect retention. The hypothe- 
sis, therefore, that the drop in retention following 
sleep may be due to activity prior to learning is 
not tenable. We must seek elsewhere for an 
explanation of forgetting when no overt activity 
is interpolated. Factors other than retroactive 
inhibition may be responsible for loss of memory. 
It is interesting, however, that so few trials are 
required for relearning after 6} hr. of sleep. 
JW required an average of only 3.7 and 3.6 
trials for relearning in the control and experi- 
mental sessions respectively. Also, though both 
Ss required more practice on the original learning 
in the experimental sessions than in the control 
sessions, the number of trials required for re- 
learning was approximately the same. 

One possible explanation for the better learn- 
ing ability following a period of normal waking 
activity than after a period of sleep may be that 
S, having been awake, would be more “warmed 
up” than an S just awakened. Thune (12) has 
shown that the rate with which a list of paired 
associates is learned bears a direct relation to the 
number of warm-up trials completed 10 min. 
pre iously. The “warm-up” effects of activity 
pricr to learning must be investigated more 
systematically, however, in order to determine 
the nature and degree of activity in relation to 
“warm-up” effects since others (1, 3,6, 11) have 
found a detrimental effect of activity on learning 
capacity in animals. 


SUMMARY AND CONCLUSIONS 


Two Ss learned lists of 12 nonsense 
syllables to a criterion of one perfect 
repetition with and without 1} hr. of 
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TABLE I 


Mean TRIALS AND ERRORS TO THE CRITERION OF LEARNING AND RELEARNING 
WITH AND WITHOUT SLEEP Prior TO LEARNING 
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The experimental and control sessions were 
given in a counterbalanced order: ABBA, 
BAAB, etc. The order was always unknown to 
S. Both Ss after each session reported that they 
remembered being awakened for the learning 
experiments. In order to accustom the Ss to 
the experimental conditions, for five days prior 
to the experiment proper they slept in the labora- 
tory dormitory. They retired at 10:00 p.m. each 
night, after having learned a practice series of 
nonsense syllables. During the experiment, 
sessions were conducted daily with the exception 
of Saturdays. The Ss did not object to the 
routine, nor at any time were they indisposed. 
Twenty series (10 control, 10 experimental) 
were given to MM, and 18 (9 control, 9 experi- 
mental) to JW. 


RESULTS 


The number of trials required to 
reach criterion on each of the five 
practice days was 25, 16, 11, 16, and 
14 for MM, and 20, 13, 16, 15, and 8 
for JW. Since each S served as his 
own control, and the control sessions 
were given in counterbalanced order 
with the experimental sessions, it was 
not considered necessary to continue 
the practice until a definite plateau 
was reached. 


1 JW served in 20 series, but one pair was 
excluded from the statistical analysis. The S 
admitted that he had fallen asleep prior to re- 
porting for one of the control sessions. 


Table I gives the learning and re- 
learning measures for each S under 
the sleep and waking conditions prior 
to original learning. The number of 
incorrect anticipations required to 
reach the criterion includes overt 
errors and failures to respond. 

The mean differences between the 
experimental and control relearning 
scores were calculated from the differ- 
ences between paired measures (each 
experimental session versus a cor- 
responding control session). Neither 
of the obtained differences between 
repetitions for relearning is significant, 
and only the difference between er- 
rors for MM is significant at the .05 
level of confidence. It is apparent 
that a period of sleep before learning 
does not lead to better retention under 
the conditions of our experiment. 

The second problem of this study 
was to determine the effect of sleep on 
learning. As shown in Table I, more 
trials and errors were required to 
bring learning to the criterion when 
sleep preceded learning than when 
normal “waking” activity preceded 
learning. All of the differences are 
significant at the .01 level of confi- 
dence. 





SLEEP PRIOR TO LEARNING 


The number of incorrect anticipa- 
tions for each of the 12 serial positions 
in both experimental and control 
sessions for the two Ss shows the 
usual bow-shaped distribution. The 
introduction of sleep prior to learning 
had no effect on the form of the dis- 
tribution. 


Discussion 


Ever since experimental work on 
forgetting as a function of intervening 
activity was introduced by Miller and 
Pilzecker (7), efforts have been di- 
rected towards comparing the effects 
of various degrees, kinds, and amounts 
of intervening activities on retention. 
It has been assumed that the effect, 
if any, was on “retention.” The in- 
vestigators have failed to consider the 
possibility that conditions at the time 
of recall or relearning may have af- 
fected performance. Before any con- 


clusions can be drawn on the effect of 
activity on “retention” it is necessary 
to fractionate out that portion of the 


decrement due to the effect of the 
activity on learning ability. 


Hunter (4), for example, found that cock- 
roaches, when immobilized by cold immediately 
after learning an avoidance response to darkness, 
took longer to relearn this task than controls 
that were held at normal temperatures and 
permitted normal activity during the learning- 
relearning interval. It is necessary to determine 
the effect of immobilization by cold on learning 
so that we may determine what effect, if any, 
cold has on retention. Again, all investigations 
concerning the effect of drugs given some time 
between learning and a measure of retention 
should include a determination of the effect of 
these drugs on learning ability (8, 9, 10, 13). 

The present study shows that 14 hr. of sleep 
prior to learning significantly impairs that learn- 
ing with respect to learning of equivalent ma- 
terial preceded by normal waking activity. It 
may be that some physiological process taking 
place either during sleep or upon awakening just 
prior to learning impairs the learning perfor- 
mance. The initial decrements observed in 
“retention” curves under conditions of inter- 
polated sleep, may be due not to a decrease in 
the number or strength of the associations estab- 
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lished during learning, but rather to the effect 
of the prior sleep in changing the learning capac- 
ity at the time of relearning. 

It might be contended that the effect of sleep 
on learning was due to the “sleepiness” of the Ss 
when they were required to learn immediately 
after sleep. The results of one trial with JW, 
which was not included in the tables, are sug- 
gestive. The S came to the laboratory at 
11:30 p.m. for a control session. After learning 
the list of syllables, he remarked that he had 
fallen asleep at about 9:30 and did not awaken 
till 11:00 p.m. He drove his car to the labora- 
tory. One-half hour intervened between his 
awakening and the learning. The number of 
trials required to attain the criterion in this one 
session was 13. This score is far above the mean 
(8.1) of the control sessions, and definitely shows 
the impairment in learning ability due to sleep. 

The results show that activity for 14 hr. 
before learning is not responsible for the drop in 
retention. All activity in learning prior to that 
may, however, affect retention. The hypothe- 
sis, therefore, that the drop in retention following 
sleep may be due to activity prior to learning is 
not tenable. We must seek elsewhere for an 
explanation of forgetting when no overt activity 
is interpolated. Factors other than retroactive 
inhibition may be responsible for loss of memory. 
It is interesting, however, that so few trials are 
required for relearning after 6} hr. of sleep. 
JW required an average of only 3.7 and 3.6 
trials for relearning in the control and experi- 
mental sessions respectively. Also, though both 
Ss required more practice on the original learning 
in the experimental sessions than in the control 
sessions, the number of trials required for re- 
learning was approximately the same. 

One possible explanation for the better learn- 
ing ability following a period of normal waking 
activity than after a period of sleep may be that 
S, having been awake, would be more “warmed 
up” than an S just awakened. Thune (12) has 
shown that the rate with which a list of paired 
associates is learned bears a direct relation to the 
number of warm-up trials completed 10 min. 
previously. The “warm-up” effects of activity 
prior to learning must be investigated more 
systematically, however, in order to determine 
the nature and degree of activity in relation to 
“warm-up” effects since others (1, 3,6, 11) have 
found a detrimental effect of activity on learning 
capacity in animals. 


SuMMARY AND CONCLUSIONS 


Two Ss learned lists of 12 nonsense 
syllables to a criterion of one perfect 
repetition with and without 1} hr. of 
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prior sleep. Both Ss relearned all 
lists to same criterion after 6} hr. of 
sleep. One S was given 20 sessions; 
the other 18. The order of presenta- 
tion of experimental and control ses- 
sion was counterbalanced. 

Under the conditions of this study 
the following conclusions were 
reached: 


1. A period of 1} hr. sleep preceding 
a learning session significantly impairs 
learning ability. 

2. Relearning after a period of ap- 
proximately 6} hr. of sleep is unaf- 
fected by normal waking activity or 
sleep for 1} hr. preceding learning. 


(Manuscript received 
December 27, 1950) 
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FIGURAL AFTER-EFFECTS: “SATIATION” 
AND ADAPTATION ! 


BY BERNARD H. FOX 


The George Washington University 


The phenomena of figural after- 
effects are well known by this time. 
However, a brief recapitulation of 
certain facts is important for the pur- 
poses of this paper. Gibson (4) de- 
scribed the apparent tilt of a vertical 
line after the inspection of another 
line inclined at a small angle to the 
vertical. He postulated that the 
effect was due to the tendency of the 
inclined line to adapt toward the norm 
of verticality, a phenomenon which 
others (16, 17), in a slightly different 
context have described. The tilted 
appearance of the vertical line, then, 
was the result of this adaptation to- 
ward a norm. Kohler and Wallach 


(12), on the other hand, declared that 
the effects of Gibson (4, 5) and others 


(1,6) were all manifestations of a 
different phenomenon which they 
called “satiation.” They maintained 
that the effects of satiation are such 
that the inspection of a figure with a 
well-defined border will cause a later 
fixated figure placed near the position 
of the first to be phenomenally dis- 
placed away from the boundary of the 
first figure. Thus, they maintained, 
the phenomena observed by Gibson 
should be explained by satiation, and 
Gibson’s_ interpretation involving 
adaptation toward a norm should not 
be applied in the cases he described. 
Neither investigator apparently gave 
serious thought to the hypothesis that 


1 Experiment I of this study was done as part 
of a doctoral dissertation at the University of 
Rochester in 1949 (2). Experiment II was done 
after the completion of the dissertation. The 
writer wishes to acknowledge his gratitude to 
Dr. G. R. Wendt for his suggestions and help- 
fulness during the course of this study. 


both phenomena might contribute to 
the observed displacements. 

Kohler and Wallach (12) derived 
quantitative data on the amount of 
figural after-effect (in this case amount 
of apparent displacement) as a func- 
tion of the distance between the first 
inspected figure, called the / figure, 
and the later fixated figure, called the 
T figure. They found that with 
medium distances (about } in.) the 
figural after-effect was larger than 
that found with either greater or 
smaller distances between J and T 
figures. With still greater distances 
the effect declined. They called this 
phenomenon the “distance paradox.” 

In the first experiment of this in- 
vestigation one of the Kohler-Wallach 
I figures (12), critical for their theory, 
was selected for study in modified 
form. An attempt was made to in- 
vestigate some of the above distance 
relationships, but some of the results 
were inconsistent with certain the- 
oretical implications made by Kohler 
and Wallach (12) about the strength 
of figural after-effects under light- 
dark or dark-light figure and ground 
relations. In one case the amount of 
apparent displacement differed from 
that predicted. In another, direction 
differed from that predicted. The 
suggestion was made that figural after- 
effects were operating due to adapta- 
tion to the norm in Gibson’s sense (4) 
as well as to satiation in the sense of 
Kohler,and Wallach (12).? 

Experiment II was performed to 

? The writer is grateful to Dr. G. R. Wendt for 


suggesting this hypothesis, based on his own un- 
published work. 
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test this hypothesis. By presenting 
an I figure symmetrically placed with 
respect to the fixation point any tend- 
ency toward adaptation to a norm 
was eliminated. The results of the 
two experiments differed in certain 
crucial aspects, those of the second 
experiment apparently showing only 
the effects of satiation. In Experi- 


ment II the “distance paradox” of 
Kohler and Wallach was verified inso- 
far as it applied to satiation. 


EXPERIMENT I[ 
Apparatus 


In general the apparatus consisted of two ad- 
jacent black boxes containing panes of glass. 
These panes, to which were affixed the black 
tape stimulus figures, were illuminated from be- 
hind through a pane of flashed opal glass. One 
box contained the pane holding the 7 figure 
which was immovable. The other box contained 
three panes of glass, to each of which was affixed 
one element of the 7 figure. The fixation cross 
was fixed to a stationary pane. Each of the 
other two elements, the dots, was fixed to a 
separate pane, both pieces of glass being capable 
of simultaneous vertical movement in opposite 
directions, so that when one dot moved up,-the 
other moved a like distance down. The S’s 
settings were determined from a vernier scale, 
reading to the nearest .1 mm., attached to the 
edge of one movable pane. 

Lighting. —Each of the boxes contained the 
same lighting arrangement. Across the rear 
panel of each box nine 6-v. lamps were arranged 
in a square array, wired in parallel.and supplied 
with a.c. from a transformer. In both boxes all 
parts of the flashed opal panes were illuminated 
about equally, as measured by a Luckiesh- 
Taylor brightness meter from S’s head position. 
Average brightness, derived from ten readings 
each, was obtained for each of the following: 
stimulus figures, 1.804 ft.-lamberts; ground of 
I figure, 24.76 ft.-lamberts; ground of T figure, 
20.40 ft.-lamberts. The difference between the 
last two was due to the presence of two extra 
panes of glass in the 7-figure box, each having a 
transmission of about .90. 

The stimulus figures —Figure 1 shows the 
different J figures—rectangles and fixation cross 
—together with the T figures—dots and cross— 
used throughout. Not shown is Yx, a contro! J 
figure consisting only of a fixation cross in the 
square light field. It must be remembered that 
the / figure was inspected first, then the T figure 


BERNARD H. FOX 











m2 a 
to | oy 

LJ Xq - Xs 
Fic. 1. Stimuli used in Exp. I. Both the J 


figures, rectangles and cross, and the 7 figure, 
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was adjusted. The representation in Fig. 1 is 
given for convenience. The dots were } in. in 
diameter. The total field was 11} in. square, 
and if drawn to scale, would appear larger than 
the field for each figure shown in the diagram. 
Kohler and Wallach had only one rectangle in 
the J figure and used small squares as the T 
figure. 

Angular relationships—The S viewed the 
stimulus figures as reflections in a plate glass 
mirror. At each session S was placed so that he 
could see his eye reflected at the position of the 
cross in both / and T figures, insuring that the 
rays of light from eye and cross were perpendicu- 
lar to the glass pane at the cross. The visual 
distance from eye to each cross was 80 in. Each 
rectangle of the J figures subtended a visual 
angle of 1°8’ in the vertical dimension (Kohler 
and Wallach’s subtended 33’). 

A wooden head rest was used, adjustable for 
height, head width, and lateral position. An 
adjustable stool was provided for Ss of different 
height. 


Procedure 


The method of average error was used 
throughout. At the end of a 1}-min. inspection 
of the J figure, E snapped a switch that simul- 
taneously turned off the /-figure field and turned 
on the 7-figure field. By turning a knob S then 
adjusted the two dots to the apparent horizontal, 
while fixating the cross between them. The E 
continuously stressed the importance of fixating 
the cross while inspecting and while adjusting 
the dots. When S’s hand left the setting knob, 
E read the time of adjustment from a stopwatch, 
read the setting from the vernier, and turned the 
switch back to the J figure. The watch was 
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started again from zero at that point. Depend- 
ing on the length of time for setting, the total 
time from the end of one inspection to the begin- 
ning of the next was on the order of 15 sec. Ten 
trials were run for a session, during which only 
one J figure was used. 

During the inspection period £ turned S’s 
setting knob from his last setting so as to produce 
about an 8-mm. relative movement of the dots. 
The direction of this displacement alternated 
with each trial, but for all sessions the same 
order of alternation was used for the same S. 
The direction of setting for the first session was 
random for any S on his first trial. 


Controls 


Three questions were to be answered in setting 
up the controls. First, does the effect of a con- 
trol stimulus which is a member of the series 
being investigated (that is, which has rectangles 
in its field—X¢ in Fig. 1) differ from that of a 
control stimulus which has only a fixation point 
in its field (Xx)? To answer this question six Ss 
were given one session with X¢ and the other six 
with Xx. 

Second, are the controls reliable? Will a 
repetition of a control yield a similar mean set- 
ting? To answer this question all 12 Ss were 
tested with X¢ in the second session. 

Third, does the presentation of a series of ex- 
perimental stimuli have any effect on the control 
if it is taken after the series? After a series of 
six experimental stimuli were presented, all Ss 
were retested with Xc. 

A system of rotation of experimental sessions 
was devised. By this means the sequence of 
stimuli (except X, and the controls)? was such 
that every stimulus occupied every position in 
the sequence twice only and every stimulus fol- 
lowed every other stimulus twice only, in order 
that the influences of position and succession in 
the presentation series would be minimal. 

Out of a total of 118 sessions, 110 were given 
to Ss on separate days. Of the eight remaining 
sessions, a maximum of two per day for any S 
was given, with a minimum interval 4} hr. be- 
tween any two sessions. 


Subjects 

Eleven men and one woman participated in 
this experiment. They were graduate students 
and faculty at the University of Rochester. 

3 After the first nine sessions were completed 
for each S (three controls and s:x experimental 
stimuli), it was decided to introduce stimulus X,, 
in an effort to determine more closely the region 
of maximal after-effect. Ten Ss were tested 
with this stimulus. 
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Two Ss (RH and JL) were not tested with 
stimulus X,. 


ReEsuLts AND Discussion‘ 


Controls.—The differences shown in 
Table I were not significant beyond 
the .24 level in any of the control 
comparisons cited in Controls, above, 
when the formula for correlated vari- 
ables was used. Therefore the con- 
trols Xx and X¢ were considered 
equivalent, and immediate and de- 
layed test-retest reliabilities were con- 
sidered sufficient. 


On the basis of the findings in these control 
comparisons it was concluded that a combination 
of all three controls would lead to a more reliable 
measure of a true control value for these Ss than 
any one or two of the separate controls. Figural 
after-effects could then be calculated as the dif- 
ference between these averaged controls and the 
mean setting made under a given experimental 
condition. For convenience the averaged con- 
trol value will be referred to as Xc¢. 

The mean control setting, representing the 
position of the two dots of the 7 figure that S 
considered horizontal, was rotated .46° in a 
clockwise direction from the objective horizontal. 
This value agrees fairly well with the value 
found by Rogers et al. (15). Their value, .65°, 
(determined by the present writer from the 
weighted average estimate by 53 Ss) of the 
angular position of a horizontal line whose visual 
angle subtended at the eye, 3.23°, was of the 
same order as the visual angle subtended by the 
two dots in the present experiment, 3.58°. In 
view of the wide between-subjects variability 
found by them and the difference in tasks, it is 
surprising how closely the mean constant errors 
agree. 


Adjustment time.—The time each S 
took to adjust the 7 figure to the 
horizontal position was recorded for 


each trial. The mean time for 12 Ss 


‘To reduce printing costs, tables of the data 
for individual subjects and for order of stimuli 
have been deposited with the American Docu- 
mentation Institute. Order Document 43422 
from American Documentation Institute, 1719 
N Street N. W., Washington 6, D. C., remitting 
$1.00 for microfilm (images 1 inch high on 
standard 35 mm. motion picture film) or $1.00 
for photocopies (6 X 8 inches) readable without 
optical aid. 
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TABLE I 


Mean ApjustmMents (1n Mm.) anp Mean DirrereNces ror Contro. ConpiTions 











Diff. 9 vs. 1 +2 

















. = 6 each condition. 


*N =12 


was 9.20 sec.; the SD was .67 sec. 
The individual means ranged from 


7.88 sec. to 10.58 sec. 


Because of the rapid decline of figural after- 
effect with presentation of the 7 figure, it is im- 
portant to take account of the possible variabil- 
ity due to different speeds of adjusting the 
setting knob. Hammer (7) found a logarithmic 
decay of effect with time, with substantially zero 
effect beyond a 100-sec. interval between J and 
T figures. 

In the present case 96 per cent of the settings 
were made within 7-11 sec. after the inspection 
periodended. Inthe Hammer study the relative 
decline in effect (as measured by the writer from 
her graphs) during this period amounted to 
about one-tenth of the initial after-effect. This 
means that the variability of the setting times in 
the present study was quite small in terms of the 
total effect, assuming a like curve of decline of 
effect under the present conditions. The average 
amount of effect at the end of 9.2 sec., the mean 
setting-time in this experiment, was about 75 
per cent of the maximal effect, if the same as- 
sumption is made. In the present case, with 
different stimuli, there may be a smaller decline, 
since Kohler and Wallach found little difference 
between the amount of effect as tested with the 
method of constant stimuli and the method of 
average error (12). 

We are interested in relative amount of effect 
for different stimuli, other conditions being the 
same. Unless a great discrepancy exists be- 
tween decline rates of figural after-effect for the 
different stimuli, the observed mean values are 
probably close to the true mean values. 


Cumulative effects —-The necessity 
for avoidance of growth of figural 
after-effects with successive trials by 


an individual has been stressed in the 
literature (8, 9, 10, 11, 12, 14). In 
preliminary work inder the present 
experimental conditions such cumula- 
tive effects were apparently present in 
some Ss and not in others. A more 
systematic investigation was therefore 
made in which the first five trials of 
experimental sessions were compared 
with the last five. Table II shows the 
stimuli used and the mean differences 
and ?¢’s obtained. None of the differ- 
ences approaches statistical signifi- 
cance. Three Ss tended to show 
cumulative effects; two Ss showed a 
tendency toward the reverse; seven 
Ss showed no marked tendency in 
either direction. 


There are several factors which may influence 
the degree of cumulative effect, and these may 
have had their influences balanced to produce no 
cumulative effect in the present experiment. 


TABLE II 


Mean DIFFERENCES BETWEEN FIRST AND 
Seconp Five Triats or ExpERIMENTAL 
Sessions (Mm.) 

12) 








Stimulus 





Mean diff. 


oMD .106 
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Of these, as far as our present knowledge goes, 
three are of major importance. First, indivi- 
duals may differ markedly in their susceptibility 
to accumulation of effect (3, 11, 13, 14). 

Second, length of inspection period is of im- 
portance. Gibson and Radner (6) have shown 
that the amount of figural after-effect, in the 
case of linear J and 7 figures, increases up to 
about 40 sec. inspection time and then levels off. 
In the preliminary experimentation of this study 
the same results were found, leading to a choice 
of 14 min. inspection time. It is reasonable to 
suppose, if inspection of more than 60 sec. leads 
to negligible increase of effect over that present 
with a 60 sec. inspection, that repeated inspec 
tions, each of the same duration, will likewise 
not result in appreciable change in amount of 
figural after-effect. If there existed a cumula- 
tive effect for some Ss, it might have reached a 
maximum after one or two trials with 14 min. 
inspection, and not appear in a comparison of 
the first and second five trials of any session. 

A third factor is that of illumination. Free- 
burne and Hamilton (3) found that with high 
brightness and 5-min. inspection periods, 
figural after-effects tended to decline on suc- 
cessive days, whereas it tended to rise with low 
brightness. This might be an example of 
Kohler and Fishback’s (11) spread of satiation to 
areas beyond the 7 figure—tending to reduce 
effects with continued presentation. 

In any case, the combination of circumstances 
in the present experiment led to no cumulative 
effect, on the average. The course of cumula- 
tive effects under various conditions seems to be a 
fertile area for study. 


The experimental variable.—The dif- 
ferences between the settings for each 
of the experimental situations and 
those of the combined controls are 
shown in Table III. The means are 
the average of ten trials per session for 
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Fic. 2. Figural after-effects for various dis- 
tances between J and T figures when the figure 
was not symmetrical with respect to the fixation 
cross (Exp. I), and when the J figure was sym- 
metrical with respect to the fixation cross (Exp. 


II). 


each of 12 Ss. With the formula for 
correlated variables the figural after- 
effects for stimuli X, and Xs, were 
different from zero at the .03 and .02 
levels of significance, respectively. 
All other differences were significant 
at better than the .01 level of confi- 
dence. A graphic representation of 
the effects is given in Fig. 2. 


The individual changes in figural after-effect 
with changes of stimulus are generally of the 
kind represented by the mean changes. How- 
ever, the absolute measure of figural after-effect 
can be influenced by many factors. The indi- 
vidual measure for any single stimulus has been 
found to vary with fatigue, time of day, attitude 
of S with respect to techniques of setting the 
dots, etc. For this reason a number of Ss was 
used. No high precision is claimed for the 
measures as absolute ones, but on the basis of 
preliminary investigation the standard errors 
found are considered representative. Even 
though single sessions showed discrepancies 
from points on a smooth curve, repetition with a 
given S on several occasions indicates that a 
smooth curve of the kind described by the mean 
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data does result with repeated trials, although 
possibly with different maxima for different Ss. 


It will be seen by reference to point 
X; on the curve for Exp. I that for the 
most extreme position of the 7 figure 
the after-effect was small, about .4 
mm. With decreasing displacement 
of the 7 figure the after-effect in- 
creased to a maximum at point X2, 
where the mean dot-displacement was 
about 14 mm. It then again de- 
creased for X,, Xo, and X_,. 

The “distance paradox” of Kohler 
and Wallach (12) states that figural 
after-effect increases with increased 
separation of J and 7 figures, and 
declines after reaching a maximum at 
an intermediate position. The “‘dis- 
tance paradox” is apparently verified 
by these results, but only in very gen- 
eralterms. First, the distances tested 
were not close together, so that a clear 
picture of the course of the increase in 
effect to the maximum is not pre- 
sented. It will be more clearly shown 


for satiation alone in Exp. II, by the 
use of smaller increments of the ex- 


perimental variable. The verification 
of the “distance paradox” does not 
involve stimulus X_,, since here the 
elements of the 7 figure lie inside the 
areas previously occupied by the 
rectangles (see Fig. 1). Second, an 
apparent contradiction to the Kohler 
and Wallach finding is that the figural 
after-effect for Xo, instead of being 
zero for a figure where the 7 figure 
lies on a border, is in the same di- 
rection as that for the other experi- 
mental stimuli. This fact and the 
finding for X_, cast doubt on the sup- 
position that the results of Exp. I 
represent the effects of satiation alone. 


Kohler and Wallach’s “satiation theory” 
would predict that a T figure falling on the 
former position of an J-figure boundary, other 
things being equal, would suffer no displacement. 
In Xo this is the case, except for the possible 
satiation influence of the upper border of the 
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rectangle.6 There was actually found for Xo a 
mean displacement of .924 mm. If we assume 
that the upper border of the rectangle affects the 
T figure, then comparison of the effects at this 
distance, lq in., can be made with the effects of 
X4, where the lower border is 14 in. away from the 
center of the dot in the 7 figure. In the latter 
case the displacement was .381 mm. The dif- 
ference between the two, .543 mm., is significant 
at the .005 level, for 11 df. If we assume that 
the figural after-effects of light figures on a dark 
ground are of the same magnitude as those for 
dark figures on a light ground (12), then the 
results indicate either the presence of another 
factor or a basic inconsistency between theory 
and experimental results. 

In the case of X_; the 7-figure elements lie 
inside the inspected rectangles, but closer to the 
border nearest the horizontal line through the 
fixation point. Apparent displacement took 
place in the same direction as that of the other 
experimental stimuli. Here both borders act 
on the 7 figure. If we make the same assump- 
tion for X_; with respect to light-dark conditions, 
then the figural after-effect, .548 mm., should be 
about the same as the difference between the 
effects of X2 and X3, whose nearer borders were, 
respectively, 4 in. and 1 in. from the T figure. 
This difference, .688 mm., is of the same order as 
548 mm. for X_1, but in an opposite direction 


from that predicted. The predicted direction of 


apparent displacement would be counterclock- 
wise, whereas the apparent displacement found 
was actually clockwise with respect to the con- 
trol setting. 

It has been shown by Prentice and Beardslee 
(14), Gibson (4,5), and Gibson and Radner (6) 
that a line tilted 10° from the vertical tends to 
adapt toward a norm (in this case the vertical) 
during an inspection period. That this tend- 
ency is not restricted to lines has been shown by 
Wertheimer (16) and Witkin and Asch (17), 
among others. 

Many of the figures used by Kohler and 
Wallach actually constitute tilted figures from 
which one would expect adaptation in the sense 
of Gibson. Reference to Fig. 1 will show that 
all of our experimental stimuli can also be re- 
garded as figures tilted off the horizontal. 
Among them X_, has the least tilt and X, has 
the most. The tilt in the latter case is of the 
order of 45°. Based on Gibson’s data (4) one 
would expect Xs to show the least figural after- 
effect due to adaptation, and X_, or Xo (prob- 
ably) the most. X¢ would, of course, be ex- 
pected to show none. 

‘In this discussion, for convenience of ex- 
pression, reference is made to the right-hand 
rectangle of the two in the J figure. 
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The action of such adaptation takes place in 
a clockwise direction in the present experiment. 
The after-effects of this adaptation cause the 
dots to appear tilted in a clockwise direction 
after inspection, when they are actually hori- 
zontal. In order to make them to appear 
horizontal, S displaces them in a counterclock- 
wise direction. 

If it is postulated that in addition to the action 
of satiation, adaptation took place toward the 
norm of symmetry, in this case toward the posi- 
tion of X¢, then the results are easily explain- 
able. The after-effects of such adaptation would 
lead to displacement in the direction found. To 
test this hypothesis Experiment II was per- 
formed. 


EXPERIMENT II 


The problem was to devise a set of 
stimuli which would test the effects of 
some of the distance relations between 
I and T figures of Exp. I more pre- 
cisely, but which would be symmetrical 
with respect to the fixation point. 
Such symmetry would eliminate figu- 
ral after-effects due to adaptation. 
The only figural after-effects, then, 
would be those resulting from sati- 
ation. 


APPARATUS AND PROCEDURE 


Except for the stimuli the same apparatus 
and procedure were used in Exp. II as in Exp. I. 
The control was necessarily a stimulus consisting 
only of the fixation cross. The 11 experimental 
stimuli are shown in Fig. 3. The J figure in 
each of these consisted of the rectangle and fixa- 
tion cross. The T figure consisted of four dots, 
the right-hand members of which were station- 
ary, fixing the vertical distance. The left-hand 
dots were movable vertically, and were dis- 
placed equal distances, but in opposite directions 
during any setting. Both J and T figures were 
solid black. In Fig. 3, the right-hand dots were 
omitted for convenience in all stimuli except Yo. 
The S was required to set the left-hand dots to a 
position in which all four dots formed a perfect 
rectangle. It will be noted that the successive 
distances between /-figure boundaries and the T 
figure were much closer together than in Exp. I, 
thus permitting a more precise judgment of the 
course of increase of effect for satiation alone. 

The order of stimulus presentation was as 
follows: Control, ¥'_4, Ys, Y-s, Control, Yo, Ys, 
Yo, Y1, Y-2, Y-1, Ya, Ys, except for subject 
JW to whom the stimuli were presented in the 


vy Y.2 v3 Y.4 Ys 

Fic. 3. Stimulus figures used in Exp. II. 
The fixation cross and all four dots are shown 
only in Yo. Other illustrations show only the 


I figure and the left-hand dots of the T figure. 


order: Control, Y_4, Yo, Ys, Control, Y3, Y4, 
oe we Se es 

Six Ss were used, two women and four men. 
Three of these Ss participated in Exp. I. 


RESULTs AND Discussion 


The controls differed by a mean of 
.11 mm., with a standard error of the 
mean difference of .121 mm. This 
difference is not significant. 

The figural after-effects in Exp. I 
and II may be compared in Fig. 2. 
Table IV shows the mean effects and 


their standard errors. The standard 
errors in this experiment are larger 
than those in Exp. I. Added to the 
above mentioned factors leading to 
variability of response, here there is 
also the difficulty that the adjustment 
by S must be made in terms of four 
dots, not two. Whatever biases to- 
ward increase of variability existed 
in Exp. I must now be increased to 
take in this additional difficulty, 
leading to greater standard errors. 
Nonetheless, the pattern of the curve 
for Exp. II, large negative values 
passing through zero to large positive 
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TABLE IV 
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I anv T Figures wHEn THE 7 Ficure 1s SYMMETRICAL WITH 
Respect To THE Fixation Cross tn Exp. II 
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values, is essentially duplicated in 
each S’s data, even though the results 
of single sessions may deviate from a 
smooth curve. It is recommended 
that work of this kind be done cer- 
tainly with no less than six Ss, and 
preferably no less than ten. 

The “distance paradox” of Kohler 
and Wallach is supported, both for 
stimuli where the 7-figure dots are 


inside the rectangle and outside. It 
is seen that the-point of maximum 
effect is not quite the same in both 


curves. If such a “paradox” holds 
for figural after-effects resulting from 
adaptation (indications from Gibson 
and Radner’s work (6) are that it does) 
then its maximum is as yet undeter- 
mined, and may have affected the re- 
sults of Exp. I in an unknown way. 

The hypothesis that adaptation to 
the norm was acting in the first ex- 
periment is supported. Tables III 
and IV and Fig. 2 show that the dif- 
ference between the effects in Exp. I 
and II is consistently in the same di- 
rection. 

Expecially noteworthy is the fact 
that the stimulus Yo, with the dots 
on the rectangle border, gave effects 
not significantly different from zero, 
thus supporting that portion of Kohler 
and Wallach’s theory. 


There are at least three important influences 
here that might affect strength and direction of 
figural after-effect. The figural after-effects in 
the cases of X_, and Xp are different from their 
counterparts in the second experiment partly 
because of the effect of the outer border of the 
rectangles. Secondly, there are different tasks 
set in the two experiments. Gibson’s experi- 
mentation (4) shows that figural after-effects are 
greater with inspections farther into the peri- 
pheral field than near the fovea. This would 
have led to greater effects in Exp. II than in 
Exp. I, instead of smaller, as found. This find- 
ing points to the third influence as being of 
major importance—the interaction between 
perceptual tendencies arising from different 
causes. 

In the same sense that Gibson’s lines (4) and 
Prentice and Beardslee’s lines (16) adapted 
toward the symmetrical norm, thus producing 
figural after-effects on later presented lines, 
those in Exp. I of the present study also adapted 
toward positions of symmetry. It is therefore 
suggested that the non-symmetrical stimuli of 
Kohler and Wallach (12, Fig. 36) produced simi- 
lar adaptation. This adaptation produced 
figural after-effects on the succeeding 7 figures, 
in addition to those produced by satiation. This 
accounts very well for the fact that there was a 
difference between the results of Exp. I and II, 
where in the latter case the effects of adaptation 
to the norm were eliminated. 

Without claiming precision of any sort, dif- 
ferences might be taken between the effects of 
X, and Y2, and between X2 and Y4, these being 
cases with equal distances betwe a J and T 
figures. It is suggested that the order of mag- 
nitude of the figural after-effects of adaptation 
is indicated by the differences at those distances. 
The consequence of this reasoning is a hypothe- 
sis that Gibson’s adaptation phenomenon shows 
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a “distance paradox” similar to that of satiation. 
In this case, however, the relation may be in 
angular terms, distance terms, or some function 
of the two. Interaction with satiation phenom- 
ena is present, as seen in Fig. 2, but it does not 
necessarily have to be of an algebraically addi- 
tive nature. Further investigation is needed in 
this area. 


SUMMARY AND CONCLUSIONS 


In two experiments figural after- 
effects with different distances be- 
tween non-symmetrical inspection (/) 
figures and a symmetrical test (7) 
figure were investigated, following one 
of Kohler and Wallach’s figures. J 
figures, mounted on glass, were in- 
spected against a bright background. 
A similarly mounted movable T 
figure was placed at different dis- 
tances from the former position of the 
I figure with respect to a fixation 
cross, and adjusted to the apparent 
horizontal by S. 

The repetition of controls showed 
that for present conditions controls 


are reliable in the same individual, but 
for both controls and experimental 
conditions great individual differences 


exist. The average controls of 12 Ss 
showed no significant change after 
six sessions with experimental stimuli. 

A comparison of the first five and 
the second five of ten trials per session 
showed that the cumulation of figural 
after-effects is not universal for some 
experimental conditions. Under the 
present conditions a decline in effect 
occurred as often as an increase. It is 
suggested that some important vari- 
ables involved are stimulus bright- 
ness, duration of inspection, accivity 
intervening between trials, and indi- 
vidual differences. 

Since in the first experiment the 
results for two /-figure positions con- 
tradicted the “satiation theory,” Exp. 
II was done to test the hypothesis 
that Gibson’s adaptation to the norm 
was also present in the non-symmetri- 
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cal situation of the first experiment, 
leading to interacting effects of sati- 
ation and adaptation to the norm. 
In the second experiment adaptation 
to the norm was removed by using a 
stimulus symmetrically placed with 
respect to the fixation mark. In 
addition, smaller increments of dis- 
tance between / and 7 figures were 
used. 

The “distance paradox” was gener- 
ally verified in Exp. I and more pre- 
cisely in Exp. II, where satiation alone 
was acting. Indications are that the 
maximum figural after-effect (sati- 
ation) for present conditions occurs 
with separation between J- and 7-fig- 
ure boundaries of between } and # in. 
The results in Exp. II showed con- 
sistently smaller figural after-effects 
than in Exp. I, thus supporting the 
hypothesis that both phenomena com- 
bined in some way in Exp. I. The 
effects of adaptation to a norm seem 
in the present case to be as powerful 
as those of satiation. 


(Manuscript received 
December 14, 1950) 
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Phi movement was extensively des- 
cribed in 1912 by Wertheimer (13) 
who characterized it as “an unana- 
lyzable sensation.” In “explaining” 
this observation, Wertheimer pos- 
tulated that the brain is a field in 
which each perceived object is re- 
presented by a physiological process 
(8, p. 54), and that this physiological 
correlate has a definite locus, from 
which circular waves of excitation 
diffuse outward. Thus, one process 
is capable of influencing other similar 
processes within the brain field. The 
spreading excitations from the two 
stationary stimuli, in the case of phi, 
occur in such a way that the ex- 
perience of uniform movement is 
bound to them in just as ordered and 
physically immediate a manner, as a 
corresponding sensation to the action 
of a single stimulus (13). 

Probably as a result of Wertheimer’s 
assigning an important role to the 
stimulus situation, subsequent in- 
vestigators explored mainly the dif- 
ferential effects of such stimulus 
variables as duration and intensity of 
stimuli, distance between stimuli, 
duration of dark interval, and color 
of stimuli and background. This 
literature has been critically sum- 
marized by Fernberger (4), Helson 
(6), Hovland (7), Mibai (9), and Neff 


1 This study was done at Newcomb College, 
Tulane University. The authors wish to ex- 
press their appreciation to Dr. Dorothy W. 
Seago for her assistance throughout the study. 


(10), several of whom remark upon the 
lack of any thoroughly systematic 
study of the factors which influence 
the phi phenomenon. Only one gen- 
eralization can really be drawn: that 
almost any change in the stimulating 
agencies may arouse the perception 
of motion in an attending S. As a 
rule, functional relationships have 
not been determined. 

Some attempt has been made to 
determine the importance of per- 
ipheral and central factors in the per- 
ception of the phi phenomenon. A 
study by Gengerelli (5) was designed 
to discover whether phi is more fre- 
quently observed when both stimuli 
give rise to excitations in the same 
cerebral hemisphere than when they 
cause excitations in different hemis- 
pheres. Statistically reliable differ- 
ences were found between the condi- 
tions of stimulations of the same and 
opposite hemispheres, and led Gen- 
gerelli to conclude that two excitations 
existing in the same hemisphere are 
more “strongly interrelated” than 
two excitations existing in different 
hemispheres. Although this is an 
excellent approach to the problem 
one important variable was not in- 
vestigated, that is, the relative role 
of retinal factors in mediating the 
phi phenomenon. 

Shipley, Kenney, and King (12) 
reported that phi movement was per- 
ceived when stimulation was monoc- 
ular, binocular, and interocular. They 


327 





328° 


controlled for general binocular stim- 
ulation effects, but failed to take into 
consideration the possible effects of 
exciting one or both cerebral hemi- 
spheres by stimulating corresponding 
or opposite halves of the two retinas. 

In exploring the relationship be- 
tween illumination factors and move- 
ment perception, Bartley (1,2) came 
to the conclusion that retinal factors 
facilitate spatial summation and con- 
sequently are important in the per- 
ception of phi. ° 


PROBLEM 


If one assumes along with Kohler 
that “ . the neural functions and 
processes with which the perceptual 
facts are associated in each case are 
located in a continuous medium” 
(8, p. 55) and that the environment 
is homogeneous (8, p. 67) then the 
perception of phi movement would 
be equally frequent when peripheral 
stimulation was of one or both eyes, 
and when this stimulation gave rise 
to excitations in the same hemisphere 
or in different hemispheres of the 
brain. However, if retinal factors 
appreciably influenced the perception, 
differences would appear in the fre- 
quency and quality of phi movement 
reported under these different con- 
ditions of stimulation. The problem, 
then, is to investigate the relative 
contribution of peripheral and central 
factors in the perception of phi move- 
ment. 


EXPERIMENTAL DEsIGN 


Four conditions of observation were set up to 
test the above predictions. 

Condition I1—The S viewed both stimuli 
monocularly with his dominant eye, while fixat- 
ing a just visible red cross. The stimuli for phi 
were 10° apart, 5° out to the right and left of the 
central fixation point? 


2 Since the question of macular representation 
in the cerebral cortex is unsettled as yet, stimu- 
lation of the macular area was avoided by using 
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Condition II.—The S fixated the red cross 
binocularly; however, a septum with graduated 
wings was placed in such a way that each eye 
was presented separately with a single stimulus 
5° out from the fixation point. This condition 
served as a check against Cond. I permitting 
evaluation of retinal interaction as a contributing 
factor to the perception of phi. 

Condition I1].—Since both Cond. I and II 
resulted in stimulation of opposite cerebral 
hemispheres, two other cénditions were necessary 
in order to evaluate the peripheral and central 
factors involved. In Cond. III the two stimuli, 
still separated by 10°, were presented monocu- 
larly. Both stimuli were presented on the same 
side of the fixation point. One was 5° from the 
fixation point, the other 15°. 

Condition IV.—This condition involved the 
same physical arrangements as Cond. III except 
that, as in Cond. II, a septum allowed the pres- 
entation of one stimulus to each eye. In both 
Cond. III and IV the same hemisphere was 
stimulated. 


METHOD 


Subjects—The Ss were 22 graduate and 
senior psychology students, 14 men and 8 
women. Sixteen reported having uncorrected 
20/20 vision in both eyes. Four Ss who re- 
ported corrected astigmatism and two Ss with 
corrected myopia, wore their glasses during the 
experiniental sessions. All Ss were trained ob- 
servers, but were naive with respect to the pur- 
pose and methods of this experiment. 

Apparatus—The S’s head rested comfort- 
ably in a headrest which had been adjusted to 
his height. On a table approximately 1 in. in 
front of his face was a panel with two rectangular 
openings through which he could look. A 
second panel, 19 in. from S’s eyes, contained 
small openings in which the phi stimuli ap- 
peared. Also in this panel, 1.5 in. above the 
level of the stimuli, was an opening for the fixa- 
tion stimulus. All of the apparatus was painted 
flat black. 

The panel containing the two rectangular 
holes at eye level served a dual purpose. It 
minimized reflected light and had a cardboard 
disc pivoted between the two holes which en- 
abled E to block the vision of one of S’s eyes 
quickly and easily without his knowledge. This 
arrangement permitted S to keep both eyes open 
at all times. 

The fixation stimulus appeared in the center 
of the second panel. It was a small red cross, 
cut in Hering black paper, fastened to a red 


this 10° separation, based on Polyak’s report (11) 
that the combined area of the human fovea and 
macula lutea subtends a visual angle of 5°. 
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Wratten filter (No. 25). The intensity of the 
fixation stimulus could be varied by an optical 
wedge. 

In the same plane, but 1.5 in. below that of the 
fixation stimulus, were four openings, 5° and 15° 
to the right and 5° and 15° to the left of the 
fixation point. With this arrangement the 
stimuli were always separated by 10°. The 
stimuli, two vertical slits, 6 mm. by .5 mm., were 
cut in Hering black paper and fastened to the 
ends of covered lucite tubing (.5 in. in diameter) 
through which the light was “piped” from metal 
housings. The light sources were 110-v., 7-w. 
bulbs. A simple cam arrangement driven by a 
60 rpm Telechron synchronous motor activated 
two microswitches, each of which completed the 
circuit for one of the lights. 

A septum with three wings graduated in 
length was placed between the two panels. It 
was used to cut down reflected light and to 
separate the vision of the two eyes for Cond. II 
and IV. 

Procedure—The experiment was conducted 
in a small windowless room painted entirely with 
flat black paint. A ventilating fan ran at all 
times and served to mask the rhythmic sound of 
the microswitches. Cotton wax was placed in 
S’s ears to minimize irrelevant auditory stimu- 
lation. 

The 22 Ss were observed once under each of 
the four experimental conditions. In order to 
equalize the effects of experience a random order 
of presentation of the sequences of conditions 
was used. Any two experimental sessions for 
a given S were separated by more than a 2-hr. 
interval, and most pairs of sessions were separ- 
ated by approximately 24 hr. Sessions were 1 
min. in duration. At the beginning of each 
session S was dark adapted for 10 min. At the 
end of this time £ adjusted the optical wedge 
until S reported being just able to see a stable 
red cross. Then £ asked S to describe in detail 
the movement which he saw. During the fol- 
lowing 1-min. period the stimuli flashed 60 times, 
the flashes separated by approximately 80 msec.’ 

The E recorded S’s description and scored it. 
If the response could not be scored, further ques- 
tions were asked until it could be. Scoring con- 
sisted of characterizing the perceptual experi- 
ence as (a) consistent phi movement observed 
throughout the stimulation period, (b) no phi 
movement observed, or (c) phi movement ob- 
served during only part of the observation pe- 
riod. Phi movement was judged to have been 
seen when a smooth movement of any kind was 
reported from the initial to the final light posi- 
tion. 


3 This was the interval at which phi was most 
often reported by a preliminary group of ten Ss. 


TABLE I 


Frequency oF Reports oF Put AND 
Jupcep Distance or Movement 
UNDER Four ConpDITIONS OF 
STIMULATION 








Judged Dis- 
tance in 
Inches 


Frequency 
of Report 


Condition 





Phi] No | Both| Median] } 





Opposite hemispheres 
Monocular 7 
Binocular 2 
Combined 9 

Same hemisphere 
Monocular 
Binocular 
Combined 





Combined monocular 
Combined binocular 




















After each experimental session S was asked 
to estimate the distance through which the light 
had moved or the distance between the lights. 


RESULTS 


From Table I it is apparent that 
phi movement was perceived, at 
least by some Ss, under each of the 
four conditions as predicted from 
Kohler’s theory (8). However, all 
Ss did not report perception of phi 
under all conditions. 

It was thought desirable to obtain 
a rough estimate of whether these 
frequencies of the different kinds of 
report varied from condition to con- 
dition more than could be attributed 
to chance. An over-all chi-square of 
13.60 was significant at the .05 level 
of confidence.* In other words, it 
would seem that some factor other 
than chance was operating to produce 
this difference in the reports. 

A comparison of combined condi- 
tions of monocular stimulation with 


* Caution should be exercised in the interpre- 
tation of this result since the underlying assump- 


tions of chi-square are not met. Since each S 
served in each of the four conditions, the meas- 
ures are related. 
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combined conditions of binocular 
stimulation as shown in Table I in- 
dicates that the frequency of report 
of phi was greater under monocular 
stimulation than under binocular 
stimulation (18 vs.6). If we combine 
these frequencies with those of Ss 
who reported alternation of phi with 
other kinds of movement or no move- 
ment there is still a small difference 
between the two conditions, again 
favoring monocular stimulation. 
Qualitative analysis of Ss reports 
showed that when phi was reported 
under binocular presentation it tended 
to be less stable than the phi reported 
under monocular conditions. This 
manifested itself in reports of fluc- 
tuations from perception of phi to 
other kinds of movement, alternate 
flashings of the lights, jerky move- 
ments or “successive jumps or steps” 


through the field. 
The frequency of perception of phi 
alone was slightly greater when both 


excitations were located in the same 
cerebral hemisphere than when the 
excitations were located in opposite 
hemispheres (15 vs. 9). 

It may be seen from Table I that 
when stimulation was of the same 
hemisphere the estimated distance of 
the phi movement was less than 
when stimulation was of opposite 
hemispheres, regardless of whether 
the peripheral stimulating conditions 
were monocular or binocular. How- 
ever, caution must be exercised in 
interpreting both the median and 
modal values since there were three 
extreme values given by two Ss 
under different conditions. 


It is interesting that where S reported seeing 
no movement at all under one of the conditions 
the estimated separation of the two stationary 
lights was usually quite close to the real physical 
distance. However, the estimated distance 
changed when phi was reported and was usually 
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judged smaller than the physical separation 
under all conditions, although several Ss reported 
distances from 5 to 12 in. Partial movement of 
each stimulus was described several times as 
covering from 1 to 2 in., with a gap of unspeci- 
fied length in between. 

The descriptions of phi were varied but easily 
identifiable: “smooth like a pendulum swinging 

” “back and forth motion of a small bar 

” “. . . a dot of light which dips down- 
ward j inanarc...,” “. . . one light re 
as though I am on a ship BOs. 
one flash of light moving across the field, but it 
has bumpy edges,” “. . . definitely has an im- 
pression of wholeness or we unity ‘ase See 
reported “. .. it looks like a baseball bat 
flipping end over end. . . .” 

Several kinds of movement other than phi 
were reported. These included partial or dual 
motion, movement of a flash of light between the 
two stimuli, as reported by Dimmick (3), and 
circular or tri-dimensional movement. Some- 
times alternation of several of these during a 
single observation was reported. Partial motion 
was described as, ‘ . there’s movement, but 
I can see that there are two lights. One seems 
to move part way but goes out, then the other 
comes on; it needs to be faster and then it would 
move all the way across... .” The Ss de- 
scribed the “Dimmick” flash as, . the 
lights are alternate, but there seems to be a wavy 
or foamy movement between them now.” One 
S reported seeing “a filmy cloud [between the 
two lights] which is circular in shape . . . the 
flash moves but not the two lights . . . it is a 
little blob glowing.” The circular movement 
was usually quite startling to Ss. Some re- 
ported the direction to be clockwise, others, 
counterclockwise. One S said, “The light looks 
like an arrow or dagger with a reddish tinge 
moving in a circle as though it were turning on 
a kymograph drum.” 

Several other observations of possible signifi- 
cance were made. Only three Ss were aware 
that some conditions were monocular. These 
either blinked their eyes or by accident touched 
the panel which blocked their vision. 

All Ss expressed surprise when allowed to see 
the appafatus after their fourth and last experi- 
mental session. All but one S reported that they 
had thought that the stimuli were much farther 
away. It is interesting that the S who thought 
the stimuli were 8 to 10 in. away did not report 
phi under any condition. Two other Ss, who 
imagined the stimuli to be ten or more feet away 
perceived phi under all conditions. 

There were no apparent sex differences in 
frequency or quality of the perceptions. 
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Discussion 


Since the perception of phi move- 
ment did not occur with equal ease 
for all Ss under all of the four condi- 
tions of observation, a homogeneous 
brain field theory of perception prob- 
ably cannot be accepted without 
reservations. Analysis of the results 
indicates that we must consider 
retinal factors as well as cortical 
factors in the perception of phi move- 
ment. 

It has been shown in this study 
and in a study by Shipley (12) that 
phi movement can be perceived with 
binocular as well as monocular stim- 
ulation. Bartley (2) suggests that 
mutual facilitation possibly may occur 
in the optic tracts above the optic 
chiasma where the fibers from the two 
retinas are going to the same hemi- 
sphere, although there is no actual 
synaptic junction. It would seem 
that this interaction may take place 
in the ipsilateral geniculate bodies, 
but not in the contralateral geniculate 
bodies (cf. Cond. II) since Polyak 
(11) demonstrated that no retrograde 
degeneration of neurons in the contra- 
lateral geniculate body takes place as 
a result of lesions higher up in the 
optic tract. It is quite possible that 
interaction also occurs on a cortical 
level. 

The fact that the frequency of phi 
perception is greater with monocular 
stimulation than with binocular and 
that the perceptions under the former 
conditions (I and III) are more stable 
indicates the importance of subcortical 
neural levels. It is probable that 
spatial summation, which occurs at 
the level of the second and third order 
neurons in the retina, is involved. 
This is definitely suggested by Bartley 
(2). 

The probable influence of retinal 
factors in the perception of phi is 
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further hinted at by the results from 
the monocular stimulation conditions. 
A higher frequency of phi movement 
was reported in Cond. III where the 
stimuli were farther out in the periph- 
ery than in Cond. I. This would be 
predicted from neural structure. It 
is well known that in the perifoveal 
region which was stimulated in Cond. 
I, the relationship of receptor cells 
to the underlying neural cells is not 
quite one toone. Furthermore, from 
10° to 15° out peripherally, there is an 
increase in the number of receptor 
cells which converge upon a single 
bipolar or ganglionic cell. Hence, 
stimulation of the periphery, as in 
Cond. III, probably results in greater 
spatial summation effects. One would 
then predict the perception of phi 
movement to be facilitated to the 
extent that it is based upon spatial 
summation. 

Spatial summation effects may also 
serve as the basis for the observed 
tendency to make shorter estimates 
of distance under conditions of stim- 
ulating the same hemisphere (Cond. 
III and IV) and also for the increased 
variability in these estimates. Gen- 
gerelli (5) has pointed out that ex- 
citations located in the same hemi- 
sphere seem phenomenally to be more 
closely related than those located in 
opposite hemispheres. These results 
are difficult to predict from Kohler’s 
(8) field theory. 


SUMMARY CONCLUSIONS 


It was the purpose of this experi- 
ment to investigate the relative role 
of central and peripheral factors in 


the perception of phi movement. 
Twenty-two Ss observed phi under 
each of four conditions. These con- 
ditions were designed to allow com- 
parison of movement using monocular 
and binocular stimulation of the same 
and different cerebral hemispheres. 
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Phi movement was reported in all 
conditions of observation, but the 
greatest number of reports of uncom- 
plicated phi movement occurred with 
monocular stimulation. Although 
phi was perceived with binocular 
stimulation, reports were more vari- 
able and there was more fluctuation 
and variety in kinds of motion per- 
ceived. It was also found that when 
stimulation was of the same cerebral 
hemisphere, phi tended to be judged 
as moving a shorter distance than 
when different hemispheres were stim- 
ulated, even though the time and dis- 
tance between stimuli were constant. 

It is concluded that retinal or at 
least subcortical factors are important 
in the perception of phi and it would 
seem that a homogeneous brain field 
theory is too general and oversim- 
plified to account for the present 
findings. 

(Manuscript received 
December 9, 1950) 
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THE EFFECT OF REINFORCEMENT ON CLOSELY 
FOLLOWING S-R CONNECTIONS: II. EFFECT 
OF FOOD REWARD IMMEDIATELY 
PRECEDING PERFORMANCE OF AN 
INSTRUMENTAL CONDITIONED 
RESPONSE ON EXTINCTION 
OF THAT RESPONSE! 


BY MOHAMED O. NAGATY 
Yale University 


The present experiment is the 
second of two studies designed to 
determine the effect of reinforcement 
on closely following stimulus-response 
(S-R) connections. The first paper 
(13) discussed the controversy among 
psychologists concerning the effect of 
reinforcement on following S-R con- 
nections either in “spread of effect” 
or in “backward conditioning” ex- 
periments, as well as the results from 
Pavlov’s laboratory indicating that 
the backward conditioning procedure 
produces extinction. The experiment 
described in the first paper showed 
that electric shock as a reinforcement 
had no appreciable effect on an im- 
mediately following conditioned avoid- 
ance response, namely, wheel rota- 
tion to the sound of a buzzer. The 
present experiment studies the effect 
of food as a reinforcement on an im- 
mediately following instrumental con- 
ditioned response (CR), namely, bar- 
pressing. 


1 One of two studies submitted to the faculty 
of the Department of Psychology of Yale Uni- 
versity in partial fulfillment of the requirements 
for the Ph.D. degree. The writer is greatly in- 
debted to Fouad First University of Cairo, 
Egypt for financial support; and to Professor 
Neal E. Miller, under whose guidance this in- 
vestigation was performed, for his generous 
advice and valuable suggestions throughout the 
course of the experiment and the preparation of 
the manuscript. The writer wishes also to 
thank Dr. Harry G. Yamaguchi for his assist- 
ance in constructing the experimental apparatus. 


The conflicting results of “spread 
of effect” experiments with human 
Ss (2, 9, 16, 17, 20, 21, 22, 24) are 
probably due to the difficulty of 
controlling all the disturbing factors 
(e.g., rehearsal and guessing habits), 
a fact which makes the direct measure- 
ment of the effect of reinforcement 
extremely difficult. On the other 
hand, the results of “spread of effect” 
experiments using mazes with rats 
(8, 12, 19) are also subject to doubt 
because other investigators (1, 3, 4, 
15, 18, 23) give ample evidence of the 
existence of many disturbing factors 
(e.g., anticipatory and perseverative 
responses) in maze experiments.” 

The writer believes that in the 
present experiment where the direct 
effect of a food reward upon the im- 
mediately following bar-pressing re- 
sponse is studied, ‘many of the dis- 
durbing factors found in other experi- 
ments are avoided. 


2 It should be noted that in one of the maze 
experiments with rats by Jenkins (8), where 
positive results of “spread of effect” were re- 
ported, anticipatory and perseverative responses 
were also found to yield resulvs similar to the 
curve of repetitions produced by the “spread of 
eject.” In another maze experiment by 
Muenzinger, Dove, and Bernstone (12), where 
positive results of “spread of effect” were also 
reported, the Es also admitted the existence of 
some disturbing factors producing the repetition 
of some responses. 
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Suspyects Anp APPARATUS 


Subjects —The Ss were 41 male albino rats 60 
to 90 days old and without previous experimental 
training at the beginning of the experiment. 
Four additional rats were discarded for failure to 
learn the bar-pressing response during the pre- 
liminary training. The Ss were randomly as- 
signed to experimental and control groups. 

Apparatus—The apparatus was a modified 
Skinner box. It was carefully soundproofed, 
lighted with a 6-w. electric bulb and provided 
with a glass observation window at the top. It 
contained two inner compartments separated by 
a brass panel; one compartment for the animal, 
and the other for the bar and the food release 
mechanisms. The animal compartment was 
made as small as possible (6 X 5 X 44 in.) in 
order to reduce the random behavior of Ss to a 
minimum. The brass panel had an aperture 
through which a horizontal, cylindrical bar could 
be inserted and retracted automatically by means 
of two magnets mounted behind the panel. 
When the bar was inserted it extended into the 
animal compartment 1 in. beyond the panel and 
3y%m in. above the food dish which was mounted 
on the floor. A slight downward pressure on the 
bar closed a microswitch which could be used to 
actuate the food-delivery mechanism. This re- 
leased a pellet of wet food (used because the 
animals could consume it more quickly than dry 
food) and produced a moderately loud click. 
The presentation of the bar and the food was 
controlled automatically and could be adjusted 
so that either the food or the bar was presented 
first. The latencies of the bar-pressing re- 
sponses were measured by a Springfield electric 
clock, and the number of responses was recorded 
by an electric counter. The length of the inter- 
vals between the presentation of the bar and the 
delivery of food was controlled by an electronic 
timer (7). 


PROCEDURE 


Habituation —The Ss were fed for four days 
at the same hour at which the experiment later 
took place. On Days 1 and 2 they were fed in 
their living cages; on Days 3 and 4 they were fed 
in habituation boxes made exactly similar to the 
experimental box. During these four days of 
habituation the Ss were fed dry food made of 
Purina dog chow, and no water was available 
during the feeding hour. 

Preliminary training.—In order to prepare 
them for the experiment proper, all Ss were 
trained to press the bar immediately after its 
insertion into the apparatus. This preliminary 
training was accomplished in a number of stages. 

On Day 5 the Ss were trained to get pellets of 
wet food (weighing approximately .12 gm. each) 
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from the food release mechanism. The bar was 
not present during this training. At first they 
were allowed to eat ten pellets of food that had 
already been placed in the food dish. While 
they were eating, the empty food release mech- 
anism was operated every 5 sec. in order to 
habituate them to the loud clicks that it pro- 
duced. After this they received 80 pellets, each 
of which was released by the food release mech- 
anism. During this training a new pellet was 
released as soon as the old one was consumed, 
but after every 20 pellets the Ss were removed 
to their living cages for a 3-min. rest. 

On Day 6 each S was given five more pellets 
by the food release mechanism. After this the 
bar was inserted (smeared with a little wet mash 
the first time in order to attract attention) and 
S had to press it to secure a pellet. Each S was 
left in the apparatus until 80 pellets had been 
obtained by pressing the bar. After each 20 
bar-pressing responses, E£ retracted the bar for a 
2-min. interval. 

During the first part of the session on Day 
7, the rat was put in the apparatus with the bar 
already present. The fifth pressing response 
caused the bar to retract automatically. From 
this point on the bar was introduced by E at 
intervals of 20 sec. and the pressing response by 
S caused it to retract at once automatically. 
Twenty more pellets were given in this way. 
Then the Ss were divided into two groups. 

Two preliminary training groups.—The pur- 
pose of these two groups was to control for the 
possible effect of a generalization decrement pro- 
duced by differences between the conditions of 
preliminary training and experimental testing. 
Since the two most important conditions of ex- 
perimental testing were to be (a) the food pellet 
given 2 sec. before the bar was presented, and 
(b) the food pellet given 20 sec. before the in- 
sertion of the bar, half of the Ss (randomly 
selected) were given the remainder of their pre- 
liminary training under each of these two condi- 
tions. In both groups a pellet was also given 
immediately after pressing the bar. Thus the 
2-sec. group received one pellet immediately 
before and another immediately after pressing 
the bar. 

The interval of 2 sec. before the presentation 
of the bar was selected to give the most immedi- 
ate association possible between the reward and 
the subsequent pressing of the bar since the Ss 
required approximately 2 sec. to consume the 
food. The interval of 20 sec. before presentation 
of the bar was selected to give little or no associ- 
ation between the reward and the subsequent 
pressing of the bar. During this part of the 
training, trials were given to both groups at 
50-sec. intervals. Thus the additional reward 
given 20 sec. before the next response occurred 
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approximately 30 sec. after the last one; the 
additional reward given 2 sec. before the next 
response occurred approximately 48 sec. after 
the last one. 

During the second part of Day 7, both groups 
were given 20 trials with the appropriate pro- 
cedure. The latencies of the pressing responses 
were measured by a Springfield electric clock. 

On Day 8 the Ss of both groups were given 40 
more trials with the appropriate procedure. By 
the end of Day 8 all Ss had learned to press the 
bar as soon as it was presented. 

Experimental procedures.—On Day 9 the main 
experiment started. Each of the two prelimin- 
ary-training groups was divided randomly into 
the following four experimental groups: 


1. In order to test for the effects of a food 
reward given immediately before a response, Ss 
of Group 1 were given a pellet 2 sec. before the 
insertion of the bar and were given no pellets 
after pressing it. 

2. In order to have a control tested under 
exactly the same conditions but without a close 
association between the reward and the subse- 
quent response, Ss of Group 2 were given a 
pellet 20 sec. before the insertion of the bar and 
were given no pellets after pressing it. 

3. In order to determine what the general 
effect of a food reward (administered either im- 
mediately before the performance of the bar- 
pressing response or between trials) was on Ss of 
the two preceding groups, Ss of Group 3 were 
not given any pellets at all either before or after 
pressing the bar. This is, of course, the normal 
procedure of experimental extinction. 

4. In order to demonstrate that the time be- 
tween getting the food and pressing the bar in 
the first experimental group was not too long for 
reward to have an effect when administered after 
the response, Ss of Group 4 were given a delayed 
reward after pressing the bar and were not given 
any pellets before pressing it. In order to be 
sure that the delay involved in this group was at 
least as long as the interval between reward and 
subsequent bar pressing in the Group 1, each S 
in this group was matched with a partner in 
Group 1. During the first ten experimental 
trials the length of the delay in the reward of 
each S in Group 4 was determined by the time 
between the delivery of food and the pressing of 
the bar by his partner. It should be noted that 
for Ss in Group 1 this time included -the fixed 
2-sec. interval, most of which was spent eating 
the reward, as well as the time taken to press the 
bar after its insertion. If it is assumed that all 
of the reward occurred at the moment of its 
delivery, then the intervals between reward and 
response would be equal in both groups; if it is 


TABLE I 


Summary oF ExperRIMENTAL DeEsIGN 





Preliminary Training 
rocedure 





Food Re- 
ward Im- 
mediately 
before CR 
and Imme- 
diately after 
CR 


Experimental 
Procedure 


and Imme- 
diately after 
CR 





1. Food reward 
immediately 


before the CR 


. Food reward 
20 sec. before 


the CR 


3. No reward 
(normal ex- 
tinction) 


. Food reward 
at various in- 
tervals after 
the CR** + 





N 22 














* Number of rats in each group. 
** Matched to time between food and bar-pressing of 
partner in Group 1. 


assumed that some of the reward occurred while 
the animal was eating, then the intervals be- 
tween reward and response would be shorter for 
Group 1 than for Group 4. Since exploratory 
work indicated that Ss in Group 1 were going to 
slow down and eventually stop responding, the 
latencies beyond the first ten trials were not used 
for matching; instead, the latencies on the first 
ten trials were repeated again during successive 
blocks of ten trials. 

On Days 9 and 10 the Ss of each group were 
given 50 experimental trials spaced at 50-sec. 
intervals. During all these trials the insertion 
of the bar and the release of pellets were con- 
trolled automatically. When bar-pressing was 
not to be rewarded, the bar was disconnected 
from the food release mechanism so that no sec- 
ondary reinforcement from the sound of its 
click was possible. Arrangement was also made 
so that the bar would retract immediately when 
it was pressed; but if S failed to press the bar it 
would stay exposed for a period of 10 sec. and 
then would retract automatically. Latencies 
and frequencies of pressing the bar were re- 
corded. If S did not press the bar during the 
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10-sec. period when it was present, an arbitrary 
latency score of 10 sec. was given.? 

Summary of design—The general design of 
preliminary training and experimental trials is 
summarized in Table I. 

Test trials —In using the performance during 
the 100 experimental trials to compare the differ- 
ent groups, it is impossible to separate the im- 
mediate distracting or facilitating effects of the 
procedure (e.g., a pellet of food immediately 
before the insertion of the bar) upon the per- 
formance of the habit during these trials from 
any more permanent learned after-effect of rein- 
forcement or inhibition. In order to separate 
the effects on learning from those on immediate 
performance, it was necessary to test Ss from 
each group under the same conditions. This 
was done on Day 11. The £ put the Ss from 
each group in the apparatus, and after 2 min. 
inserted the bar and kept it exposed to the Ss for 
a period of 20 min. The number of bar-pressing 
responses was recorded every minute. During 
all the test period the food magazine was empty, 
and the bar was disconnected from the food re- 
lease mechanism so that no primary or secondary 
reinforcement was possible. 


RESULTS 


Because the distributions of the 


raw latency scores were skewed, it 


was thought better to transform those 
scores into their common logarithm 
before any statistical test was made. 
This transformation (11) has the effect 
of normalizing the distributions of 
latency scores and equalizing the 
variances so that the familiar statis- 
tical tests become possible.‘ 
Preliminary training.—In order to 
determine the effects of the pre- 
liminary training on the performance 
under the experimental conditions, 
the scores (for log latency and fre- 
quency respectively) that each S 
made during his 100 experimental 
trials were summed and an analysis 


3 Although there is some indeterminateness 
in this arbitrary score, it will be very slight when 
the raw low latency scores are transformed into 
their common logarithm. 

“Furthermore, for each t-test cr F-test made, 
chi-square tests were also made, and in all cases 
there was almost complete agreement among the 
results of those tests. 
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of variance was made of the effects of 
the two preliminary training and first 
three experimental conditions.’ The 
results are shown in Table II. As 
can be seen, no significant differences 
were found among the after-effects of 
the two preliminary training pro- 
cedures on either log latency or fre- 
quency scores. Furthermore, there 
was no reliable interaction. Addi- 
tional analyses showed that there 
was no reliable difference between 
the effects of those two preliminary 
training procedures upon the perform- 
ance of the different groups during 
either the 40 trials of the last day of 
preliminary training (p > .50), or 
during test trials (see Table III). 
Thus, receiving a reward during pre- 
liminary training before (in addition 
to after) pressing the bar does not 
seem to have produced any stronger 
response. ‘ Because of this lack of 
difference, the groups that received 
identical experimental procedures but 
different preliminary training pro- 
cedures were combined in all sub- 
sequent analyses of the data. 
Experimental trials.—Figure 1 pre- 
sents the mean log latencies of CR’s 
during the 100 experimental trials for 
each of the four experimental groups; 
Fig. 2 presents the mean frequencies. 
From these figures it is clear that the 
curves for the non-reinforced group 
and for the two groups with reinforce- 
ment either immediately or 20 sec. 
before the presentation of the bar 
showed experimental extinction: the 
latency of CR’s increased and their 
frequency decreased. As can be seen 
from Table II, none of the differences 


5 The control group, with a delayed reward 
during the experimental trials, was omitted from 
this analysis*because the performance of these 
animals (showing no extinction) was so different 
from that of those in the other three groups. 
No differential effects of the two conditions of 
preliminary training were apparent in this 
control group. 
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TABLE II 


ANALYsIS OF VARIANCE OF PERFORMANCE DURING THE 100 ExpertmENTAL TRIALS 








Sources of Variation 


Log Latency Scores 


Frequency Scores 





Preliminary training condi- 


| 
| 
tions | 


Experimental conditions 
Interaction 
Error 





Variance | F 


Variance 


211.87 


165.94 








| 
430.21 





among these three groups (for either 
log latency or frequency scores) was 
statistically reliable. 

It is clear from these results that 
there is little if any difference between 
the Ss with reinforcement immediately 
before the presentation of the bar and 
those with non-reinforcement or with 
reinforcement 20 sec. before the pre- 
sentation of the bar. This indicates 
clearly that food reinforcement does 
not strengthen the immediately fol- 
lowing S-R connections as would be 
expected from the principles of “a 
bi-directional spread of effect” or 
“backward conditioning.” On _ the 
other hand, although experimental 
extinction occurs under these condi- 
tions in accordance with Pavlov’s 


- 
‘-s 


REWARD 20 SECONDS 
BEFORE——_ 


CR IN SECONDS 
— a) 


LATENCY OF 


LOG 





report (14, pp. 242-244), the imme- 
diately preceding food reinforcement 
does not seem to hasten this extinc- 
tion; it seems to be without any 
specific effect. 

While food reinforcement did not 
strengthen the immediately following 
S-R connections, it strengthened 
greatly those connections which pre- 
ceded it. It is clear from Fig. 1 and 2 
that the latency curve of the group 
with the delayed reinforcement de- 
creased and the frequency curve of that 
group maintained a maximum level of 
performance during the 100 experimen- 
taltrials. The differences (for both log 
latency and frequency scores) between 
this group and its matched group with 
reinforcement immediately before the 


DELAYED REWARD 


FIRST pay” 


EXPERIMENTAL 


Fic. 1. 


Mean log latency of CR of the four experimental groups 


during 100 experimental trials on two successive days. 
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Brees geet tt Ot eeeeeg. 


pee ete ee ee 


DELAYED REWARD 


REWARD 20 SECONDS 
BEFORE ——— 


FREQUENCY OF CR 


Fic. 2. Mean frequency of CR of the four experimental groups 
during 100 experimental trials on two successive days. 


presentation of the bar were highly 
reliable (p < .001) for both log latency 
and frequency scores. 

Test trials—The number of CR’s 
of the delayed reinforcement group 
(Group 4) was very much _ higher 
(Mean = 65.3) than those of the other 
three groups (Means of 19.5, 17.4, 
and 17.1 for Groups 1, 2, and 3, re- 
spectively) during the 20-min. test 
period without reward on Day 11. 
The difference in performance during 
the test period between the delayed 
reinforcement group (Group 4) and 
its matched group with reinforcement 
immediately before the presentation 
of the bar (Group 1) was highly 
reliable (p < .001). None of the 


differences among the other three 


TABLE Il 


ANALysIS OF VARIANCE OF PERFORMANCE 
puRING Test TRIALS 








Vari- F os 


Sources of Variation once 


Preliminary training 
conditions 








0.67 249.50 
Experimental conditions 20.36 
Interaction 131.49 
Error 139.76 


19.46 
19.46 

















groups was reliable, as can be seen 
from Table III. 

The results of the test trials when 
the after-effects of the different ex- 
perimental procedures are tested un- 
der equivalent conditions, show clearly 
that there is little if any difference 
between the group which was rein- 
forced immédiately before the pre- 
sentation of the bar and the other two 
groups either with reinforcement 20 
sec. before the presentation of the 
bar or with non-reinforcement. It 
is clear from the similar performance 
of these three groups during test trials 
that food reinforcement does not have 
any marked effect upon the imme- 
diately following bar-pressing re- 
sponse. It does not strengthen it; it 
even does not reliably retard extinc- 
tion, nor does it hasten extinction. 
By contrast, the delayed food rein- 
forcement was found to strengthen 
greatly the remotely preceding bar- 
pressing response. Thus, the con- 
clusion is that food reinforcement has 
little if any specific effect on immedi- 
ately following S-R connections, while 
it strengthens the remotely preceding 
S-R connections. 
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Discussion 


In the present experiment food was 
used as reinforcement for the learning 
and maintenance of the instrumental 
response of bar pressing. In a pre- 
vious experiment (13) a different type 
of reinforcement, electric shock, was 
used for the learning and maintenance 
of an avoidance response (wheel 
turning) conditioned to a_buzzer.® 
Exactly the same results were secured 
for these two different types of rein- 
forcement. In the present experi- 
ment, when the reinforcement of food 
followed the response of pressing the 
bar to the cue of its insertion, the rats 
learned that response. Furthermore, 
a delayed reward of food after pressing 
the bar maintained that response. 
But when the direction of the associa- 
tion was changed by administering the 
food immediately before the response, 
it was extinguished. In the previous 
experiment (13), administering the 
shock after the buzzer served as a 
reinforcement to establish and main- 
tain turning the wheel in response to 
the buzzer. When the direction of 
the association between the shock 
and the response was changed by 
giving the shock 1 sec. before the 
response of turning the wheel to the 
cue of the buzzer, that response was 
extinguished. In these experiments 
neither of the two different reinforce- 
ments (food or electric shock respect- 
ively) had any appreciable effect when 
administered before the response: 
they did not retard experimental ex- 
tinction, nor did they hasten it. 


6 Although there is a theoretical dispute about 
whether the electric shock serves as a reinforce- 
ment for conditioned avoidance because it 
elicits the responses (5), or because the end of the 
shock constitutes a reduction in drive (6, 10), 
there is no doubt that the shock has tht empirical 
properties of a reinforcement in that its presence 
after the CS results in a strengthening of the CR 
and its withdrawal results in the extinction of the 


CR. 
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SUMMARY 


Forty-one albino rats were trained 
first to press a bar as soon as it was 
presented to them in order to secure 
a small pellet of wet food, and then 
were given 100 experimental trials 
under different conditions: (a) Group 
1 was given a pellet of food 2 sec. 
before the presentation of the bar, and 
no food after pressing the bar. (b) 
Group 2 was given a pellet of food 
20 sec. before the presentation of the 
bar, and no food after pressing the 
bar. (c) Group 3 was not given any 
food, either before or after the pres- 
entation of the bar. (d) Group 4 
was given a pellet of food at various 
intervals after pressing the bar, and 
no food was given before its presenta- 
tion. The Ss of this group were 
matched with the Ss of Group 1 with 
respect to the actual time interval 
between pressing the bar and delivery 
of reinforcement. 

From the results of the present 
experiment we arrive at the follow- 
ing conclusions: 


1. The effects of giving a food rein- 


forcement immediately before the 
presentation of the bar are to produce 
a decrement in the strength of the 
bar-pressing response (confirming 
Pavlov’s report) rather than to pro- 
duce any increment as might be ex- 
pected from the principles of “‘back- 
ward conditioning” or “a bi-direc- 
tional spread of reinforcement.” 

2. The amount of this decrement 
is not reliably different from that 
observed in a control group which 
was not reinforced, or in another 
control group which was reinforced 
20 sec. before the presentation of the 
bar. Thus, the direct association 
between food reinforcement and the 
following instrumental CR seems to 
have been without any specific effect 
upon that response. 
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3. While food reinforcement seemed 
to have been without any specific 
effect when it preceded the instrumen- 
tal response by a brief interval, it 
had a marked effect when it followed 
the response after an interval of the 
same length. 


(Manuscript received 
December 6, 1950) 
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EXPERIMENTS ON SENSORY-TONIC FIELD THEORY OF 


PERCEPTION: I. 


EFFECT OF EXTRANEOUS 
STIMULATION ON 


THE VISUAL 


PERCEPTION OF VERTICALITY ! 


BY SEYMOUR WAPNER, HEINZ WERNER, AND KENNETH A. CHANDLER 


Clark University 


The history of research in percep- 
tion contains many studies which 
show the effect of organismic states, 
such as posture, motor activity, etc., 
upon visual space. Many psychol- 
ogists have viewed these results as 
dealing with rather marginal aspects 
of perception because they emphasized 
visual processes as isolatedevents. It 
is only recently, owing to interest in 
the projective character of perception, 
that attention has turned to organ- 
ismic states as important factors in 
perceptual organization.? 

The latter view is central for the 
sensory-tonic field theory of percep- 
tion (2). The theory postulates that 


the state of the organism is part and 
parcel of perceptual events, or specif- 
ically, that perception is the product 
of an interaction between object stim- 
uli (sensory-tonic) and organismic state 


(somato- and viscerotonic). This 
postulate leads directly to specific hy- 
potheses amenable to experimental 
investigation. 

The particular hypothesis under- 
lying the present study comes from 
the following considerations. Ac- 
cording to the theory, with a change 
in organismic state, a change in per- 
ception is expected. One method of 
influencing the status of the organism 
is by “extraneous stimulation”; by 
this term we mean any stimulation 


1 This investigation was supported in part by a 
research grant from the National Institute of 
Mental Health, of the National Institutes of 
Health, Public Health Service. 

2 See the recent symposium on the interrela- 
tionships between perception and personality (1). 


341 


to the organism which comes from a 
source other than the object perceived. 
It is thus hypothesized that extra- 
neous stimulation influences the per- 
ception of an object. 

The present study was designed to 
investigate the effect of two kinds of 
extraneous stimulation, electrical stim- 
ulation to the neck muscle and auditory 
stimulation, on the visual perception 
of verticality. 


Apparatus AnD PROCEDURE 


Stimulus object.—In all situations tests were 
carried out in a dark room. The task was to 
adjust a luminescent rod which could be rotated 
in the fronto-parallel plane so that it appeared 
vertical. The luminescent rod, 39 in. long and 1 
in. wide, was pivoted at its center, and its angu- 
lar displacement was read off in fractions of a 
degree from a protractor. 

The S sat erect throughout all trials. His 
head was held in position by an adjustable head- 
rest attached to the chair on which he sat. 

Extraneous stimulation.—Electrical stimula- 
tion by means of an inductorium was applied to 
either the left or right neck muscle (sternocleido- 
mastoid). The stimulating electrode was em- 
bedded in a collar which fitted closely around S’s 
neck. The second electrode was attached to the 
left or the right hand, corresponding to the side 
of the body which received electrical stimulation. 
Intensity of stimulation (a setting of 9 on a 
Harvard Inductorium) was constant for all Ss. 
The stimulation was continuous during each ob- 
servation, which lasted for 10 sec. 

Auditory stimulation was applied by means of 
two Western Electric headphones embedded in 
the headrest. An AC operated audio-oscillator 
provided an auditory stimulus of 800 cycles; 
sound intensity (11 db—1.73 v./500 ohms) was 
constant for all Ss. 

Test conditions.—In all condit ons of testing, 
S reported the apparent position of the rod to E 
and informed him which way to move the rod to 
make it appear vertical. The E£ turned the rod 
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slowly by increments of approximately 3° until 
S stated that the rod was vertical. The task was 
carried out under five conditions: (a) control— 
no stimulation; (b) auditory stimulation—left 
ear; (c) auditory stimulation—right ear; (d) 
electric stimulation—left; and (e) electric stimu- 
lation—right. Each S made four adjustments 
to the vertical under each of the experimental 
conditions. 

The S had his eyes covered with goggles at all 
times except when adjusting the rod to the verti- 
cal. When given a signal, S removed his gog- 
gles, adjusted the rod to vertical, and replaced 
his goggles until the next trial. For those trials 
where extraneous stimulation was applied the 
procedure was as follows: At the onset of stimu- 
lation S raised his goggles. Stimulation con- 
tinued until the final adjustment was made. 
When the extraneous stimulation ceased, S re- 
placed his goggles. On half of the trials the 
initial setting of the rod was 30° left; on the other 
half, 30° right. The sequence of test conditions 
was: control, auditory-right, electrical-left, 
auditory-left, and electrical-right. A 1-min. 
rest period was given between each of the five 
conditions. A 20-sec. rest period was interposed 
between trials. Each trial lasted for approxi- 
mately 10 sec. 

Forty undergraduate students, 20 male and 
20 female, were employed as Ss. 

Measures employed.—The position in which 
the rod looks vertical to S (apparent vertical) 
was measured in degrees of tilt with reference to 
objective vertical (plumb line). Thus all meas- 
ures of the position of the luminescent rod were 
defined in terms of the perpendicular. Arbi- 
trarily we designated an angular position clock- 
wise (CW) of objective vertical (as viewed by 
S) as “+,” and counterclockwise (CCW) as 
““ ” 


RESULTS 


General effects——The data were 
analyzed by a two-way classification 
analysis of variance, with experimen- 
tal condition as one variable and in- 
dividual as the other. The analysis 
of variance and t-tests between mean 
scores for the test conditions are pre- 
sented for men in Table I. The 
F-tests for experimental conditions 
and individuals are significant beyond 
the .01 level of confidence. 

As can be seen from Table I, with- 
out stimulation (control), the ap- 
parent vertical is at a position of 
—1.4°, i.e., the luminescent rod is on 
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TABLE I 
SIGNIFICANCE OF DIFFERENCE OF MEANS 
Amonc Test Conpitions: MEN 


F-Tests 








i. Pact Sum of 

Source of Variance Squares 
Conditions (C) 
Subjects (S) 
Residual (C X S) 
Total 


987.04 
9742.56 





t-Tests 





Mean Differences 
Conditions 





.| A-R E-L E-R 


No stimulus (C) 0.7* | 0.4* 0.7* 
Auditory left (A-L) r 1.1*| 0.0 | 1.1* 
Auditory right (A-R) r 1.1* | 0.0 

Electric left (E-L) d 1,1* 
Electric right (E-R) A | 


me 


* Significant at or better than the .01 level of confi- 
dence. 











the average perceived as vertical when 
it is rotated 1.4° CCW. With stim- 
ulation,tihowever, the rod is a a 
position tilted to the left or right of 
the control depending on the side to 
which the stimulus is applied. The 
rod is to the left (CCW) of the control 
when stimulation is applied to the 
right side, and to the right (CW) when 
stimulation is applied to the left. 
The positions of the rod under all 
conditions of stimulation differ sig- 
nificantly from the position without 
stimulation. Furthermore, the posi- 
tions under left stimulation differ 
significantly from the positions under 
right stimulation. The positions of 
the rod are identical for electrical 
and auditory extraneous stimulation 
when applied to the left side, and also 
identical for these two stimulations 
when applied to the right side. 

In Table II the analysis of variance 
and #-tests are presented for women. 
The F-test for experimental condi- 
tions is significant at the .05 level and 
for individuals beyond the .01 level. 
Though the results are not as clear- 
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cut for women as they are for men, 
the general directional effects of stim- 
ulation still obtain. Stimulation on 
the right side results in rod position 
more to the left, and stimulation to 
the left side results in rod position 
more tothe right. Auditory stimula- 
tion to the left side is significantly 
different from auditory and electrical 
stimulation to the right side. 

Since the results for women were 
not as conclusive as those for men it 
appeared advisable to repeat the ex- 
periment. This was done twice for 
two separate groups of 20 women 
within a year after the original experi- 
ment was performed. The F-tests 
were significant for experimental con- 
ditions in each of the two repetitions 
of the experiment. As in the original 
experiment, there was a significant 
directional effect of extraneous stim- 
ulation as described above. 

Individual differences——It has al- 
ready been noted from the analyses 
of variance that significant individual 
differences occurred for both men and 
women. The consistency of these dif- 


TABLE II 
SIGNIFICANCE OF DiFFERENCE OF MEANS 
Amonc Test Conpitions: WoMEN 


F-Tests 








Sum of 


Source of Variance Squares 





TABLE Hl 


ReviaBititry CoEFrFICcIENTS 





Condition 





Control (no stimulus) 
Auditory left 
Auditory right 
Electric left 

Electric right 











ferences was studied in two ways: 
within each condition by reliability 
coefficients, and between conditions 
by intercorrelations. 

Table III presents uncorrected split- 
half reliability coefficients for men 
and women. All the correlations are 
significant beyond the .01 level of 
confidence. The coefficients are 
higher for men (.80 to .94) than for 
women (.58 to .74). _ 

The intercorrelations among test 
conditions are shown in Table IV. 
All correlations are significant beyond 
the .01 level except two of the correla- 
tions for women which are significant 
at the .05 level. Here, as in the case 
of the reliability coefficients, corre- 
sponding correlations are lower for 
women than for men. 


TABLE IV 


INTERCORRELATIONS AMONG TEST 
ConpiTions SEPARATELY FOR 
Men anp WomeEn* 





Conditions (C) 8.46 
Subjects (S) 97.73 
Residual (C X S) 48.26 
Total 154.45 











Mean Differences 


Conditions 





No stimulus (C) 
Auditory left (A-L) 
Auditory right (A-R) 
Electric left (E-L) 
Electric right (E-R) 











Conditions 


No stimulus 
Cc 


Auditory left 


Auditory right 
(A-R) 

Electric left 
(E-L) 

Electric right 





























* Significant at the .05 level of confidence. 
** Significant at the .01 level of confidence. 


* A correlation of .44 is significant at the .05 level, 
and .56 is significant at the .01 level of confidence. 
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Discussion 


The most significant finding of this 
study fis that visual perception of 
of verticality is affected by “extran- 
eous stimulation’”—in this instance, 
electrical stimulation of the neck 
muscle, and auditory stimulation. 
These results are in accordance with 
the general assumption of the sensory- 
tonic field theory, namely, that the 
state of the organism is an integral 
part of a perceptual event; specifically, 
if the stimulus object is visual, its 
perception will be affected by stimula- 
tion arising from non-visual sources. 
In particular, there is a specific effect 
of extraneous stimulation when asym- 
metrically applied: if an extraneous 
stimulus is applied to one side of the 
body a line appears vertical when 
rotated away from the side of the 
stimulation. 

Another important finding pertains 
to the efficacy of the two types of 
extraneous stimulation. As noted in 
the results, the two kinds of extraneous 
stimulation used in this experiment 
function in asimilar way. In general, 
both types of stimulation, applied to 
either of the two sides of the body, 
shift the apparent vertical similarly 
with respect to direction as well as 
amount. These findings are in accord 
with the notion of “functional equiv- 
alence,” an essential construct within 
the sensory-tonic field theory of per- 
ception. Interaction of sensory and 
organismic events logically demands 
that factors which interact must have 
common dynamic propérties; i.e., 
they must be equivalent with respect 
to their contribution to the total 
dynamic process. Therefore, one of 
the important implications of our 
findings is that they experimentally 
demonstrate such equivalence be- 
tween diverse kinds of extraneous 
stimulation, the one ordinarily clas- 
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sified as the other as 
muscular. 

Finally, one other result and its 
implication may be mentioned. The 
mean position of apparent vertical 
seen without extraneous stimulation 
deviates from the objective vertical 
(plumb line); and, most important, 
individuals are consistent in the way 
their apparent vertical deviates from 
objective vertical. This suggests that 
the individual organismic state, in- 
dependent of extraneous stimulation, 
is an important variable which affects 
the position of the apparent vertical.’ 
The significance of this variable for 
the interpretation of perceptual facts 
within our theoretical framework may 
become clearer from experimental 
evidence to be presented in forth- 
coming studies. 


auditory, 


SUMMARY 


The present study was designed to 
investigate the effect of two kinds of 
stimulation from diverse sources— 
electrical stimulation to the neck 
muscle, and auditory stimulation—on 
the visual perception of verticality. 

Forty Ss, 20 men and 20 women, 
were used. The task for S consisted 
in the adjustment of a luminescent 
rod to a position of apparent ver- 
ticality. It was found that asym- 
metrical stimulation affected the po- 
sition of the apparent vertical signif- 
icantly. Under stimulation to one 
side of the body the position of ap- 
parent vertical was shifted relatively 
to the side opposite the stimulation. 

Electrical stimulation to the neck 
muscle and auditory stimulation af- 
fected perception of the vertical in 
an equivalent manner. 


The individual’s characteristic position of 
apparent vertical indicates an organismic state 
“e; 


of equilibrium which we refer to as “individual 
equilibrium.” 
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Highly consistent individual differ- 
ences were evident. 

The results were interpreted within 
the framework of the sensory-tonic 
field theory of perception. 


(Manuscript received for priority 
publication July 16, 1951) 
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EXPERIMENTS ON SENSORY-TONIC FIELD THEORY OF 
PERCEPTION: Il. EFFECT OF SUPPORTED AND 
UNSUPPORTED TILT OF THE BODY ON THE 
VISUAL PERCEPTION OF VERTICALITY ! 


BY HEINZ WERNER, SEYMOUR WAPNER, AND KENNETH A. CHANDLER 


Clark University 


It is well known that with small 
sidewise tilts of the body a luminescent 
line in the dark will be perceived as 
vertical when tilted an appropriate 
number of degrees in a direction op- 
posite to body tilt.2 Most of the 
studies reporting this phenomenon 
have been made under conditions 
where the body is passively supported 
either by a chair or a board. The 
question arises whether there would 
be a differential effect if S had to 


maintain a specific body tilt unsup- 
ported by the side and back of a chair 
or a leaning board. 

Within the framework of the sen- 
sory-tonic field theory of perception 


(4) the degree of muscular involve- 
ment is expected-to be an important 
variable; therefore, differences in per- 
ception under supported and unsup- 
ported conditions might be predicted. 

The theory suggests the following 
specific hypothesis: Under identical 
angles of body tilt, the position in 
which the rod looks vertical to S 
(apparent vertical) should be dis- 
placed to a greater degree from the 
perpendicular when the body is un- 
supported than when it is supported. 

Since, in general, it can be assumed 
that with greater magnitude of tilt 
there is greater muscular involvement, 
a second hypothesis may be formulated: 


! This investigation was supported in part by 
a research grant from the National Institute of 
Mental Health, of the National Institutes of 
Health, Public Health Service. 

2 This is the so-called E-phenomenon. See 
Aubert (1), G. E. Miller (2), etc., anc most 
recently Witkin and Asch (5). 


Whether supported or unsupported, 
with an increase of body tilt, there 
should be an increase in angular 
displacement of the apparent vertical.’ 

It is the purpose of this study to 
test these hypotheses. 


METHOD 


Stimulus object—In all situations tests were 
carried out ina dark room. The task was to ad- 
just a luminescent rod which could be rotated in 
the fronto-parallel plane so that it appeared 
vertical. The luminescent rod, 39 in. long and 1 
in. wide, was pivoted at its center, and its angu- 
lar displacement was read off in fractions of a 
degree from a protractor. 

Experimental design.—Three variables were 
systematically studied: (a) kind of support— 
sitting fully supported and sitting relatively un- 
supported; (b) magnitude of tilt—15° and 30°; 
(c) direction of sidewise tilt—left and right. 
All combinations of these three variables were 
employed, making a total of eight experimental 
conditions: (1) 15° left—supported; (2) 30° left 
—supported; (3) 15° left—unsupported; (4) 
30° left—unsupported; (5) 15°  right—sup- 
ported; (6) 30° right—supported; (7) 15° right 
—unsupported; and (8) 30° right—unsupported. 

Forty Ss, 20 male and 20 female, were tested 
under all eight experimental conditions. 

For purposes of statistical analysis the data 
were separated according to sex and direction of 
tilt. Thus, analyses of variance evaluating the 
effect of kind of support and magnitude of tilt 
were carried out for four sets of data: (a) men— 
left body tilt; (b) men—right body tilt; (c) 
women—left body tilt; and (d) women—right 
body tilt. : 

Procedure—Two major test conditions con- 
cerned the manner in which the S sat while 
making observations. Under conditions of being 
fully supported, S sat in a chair which was pivoted 
below the seat permitting ieft and right tilts. 


3 These hypotheses are restricted to the rela- 
tively small tilts in which the E-phenomenon 
has been generally observed. 
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The chair was provided with a headrest, sides and 
back; thus the body was held firmly in place. 
Under relatively unsupported conditions S sat on 
a stool, and was required to maintain his body in 
the desired inclined position by his own muscular 
efforts. To be certain that S assumed the desig- 
nated angle of body tilt the following device was 
employed. A metal pointer was fixed to S’s 
back by means of waist and head straps; it ex- 
tended above his head in line with his spinal 
column. The tip of the pointer was painted 
with luminescent paint. Behind the pointer was 
a luminescent grid marked off in degrees. The 
E directed S to tilt his body until the luminescent 
pointer coincided with the appropriate mark on 
the grid behind S. Throughout each trial E 
made certain that S maintained the desired 
angle of inclination. 

In all conditions of testing, S reported the ap- 
parent position of the rod to £ and informed him 
how to move the rod to make it vertical. The 
E turned the rod by small increments until S 
stated that the rod was vertical. The S’s eyes 
were covered with goggles at all times except 
when adjusting the rod to the vertical. 

The sequence of the eight test conditions for 
all Ss was: 15°—right, 15°—left, 30°—right, and 
30°—left while supported, followed by the same 
sequence for the unsupported condition. Four 
trials were given for each experimental condi- 
tion. Each trial started with the rod in a tilted 
position. On two trials, the initial setting of the 
rod was 30°—left; on the other two trials 30°— 
right. 

Measures employed.—The position in which the 
rod looked vertical to S (apparent vertical) was 
measured in degrees of tilt with reference to ob- 
jective vertical (plumb line). Thus all measures 
of the position of the luminescent rod were de- 
fined in terms of the perpendicular. Arbi- 
trarily we designate an angular position clock- 
wise (CW) of objective vertical (as viewed by S) 
as “+” and counterclockwise (CCW) as “—.” 
The measure used to represent each S’s perform- 
ance is the algebraic mean of the positions of the 
rod for the four trials of each test condition. 


RESULTS 


The results are summarized in 
Table I. This table shows the mean 
positions of apparent vertical for each 
of the test conditions. For every 
test condition but one, the apparent 
vertical is tilted, with respect to 
objective vertical, in a direction op- 
posite to body tilt, Furthermore, 
it can be seen that for identical angles 
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TABLE I 


Mean Position or APPARENT VERTICAL 
with REFERENCE TO OBJECTIVE 
VERTICAL FOR SUPPORTED AND 
Unsupprortep Bopy Titt * 


z 








Body Tilt 





Condition Right Left 





15° | 30° | 15° 





Men (N = 20) 





Supported 
Unsupported 








Women (N = 20) 


~7.8°| 
1.5 





Supported | —1.8° 
Unsupported 


yo +3.0° 
+6.7 





—1: 
—4.0° | —1 ‘| +4,3° 





* The plus sign indicates a position clockwise of ob- 
jective vertical as viewed by S; the minus sign indicates 
a counterclockwise position. 


of body tilt, the degree of deviation 
from objective vertical is greater for 
the unsupported than the supported 
condition. This relationship between 
supported and unsupported conditions 
exists whether the body is tilted to 
the left or to the right. 

It is also evident that within a given 
condition of support, the 30° body 
tilt results in a greater displacement 
of apparent vertical than the 15° 
body tilt. 

Tests of significance of the differ- 
ences between mean positions of the 
apparent vertical are presented in 
Table II. This table summarizes 
the analyses of variance done sepa- 
rately for sex and direction of body 
tilt. The F-test for supported versus 
unsupported conditions is significant 
in three out of the four analyses. In 
the one analysis where the F-test is 
not significant (Men—right body 
tilt), the relationship between the 
means is the same, i.e., the deviation 
of apparent vertical is greater under 
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TABLE III 


ReEviaBiLity COEFFICIENTS 








Men Women 





Body Tilt 
Sup- Unsup- 


Sup- 
ported ported 


ported 


15° left 97 ae 85 
30° left 90 84 95 
15° right 94 88 91 
30° right 97 93 J 




















than con- 


unsupported 
itions. 

As to the degree of body tilt, the 
F-tests are significant in every in- 
stance. This indicates that the devia- 
tion of the apparent vertical from 
objective vertical is significantly 
greater at a 30° inclination of the 
body than at a 15° inclination. 

In Table III the split-half uncor- 
rected reliability coefficients are pre- 
sented for men and women. All of 
the correlations are significant and 
high. Thus, within each test con- 
dition the individuals respond in a 
strikingly stable manner. 

In summary, the empirical data 
obtained confirmed the hypotheses 
formulated in this study: (a) Under 
identical angles of body tilt the posi- 
tion of the rod indicating apparent 
verticality is displaced to a greater 
degree from the perpendicular when 
the body is unsupported than when 
it is supported. (b) Irrespective of 
kind of support, angular displace- 
ment of the apparent vertical in- 
creases with an increase of body tilt. 


supported 


Discussion 


If one scans the literature on the 
perceptual displacement of the verti- 
cal under body tilts (e.g., E-pheno- 
menon), one finds few or no inter- 
pretative attempts that go beyond 
the rather vague statement that 
postural factors and their concomi- 
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tants underlie this effect. Such in- 
terpretations, even when they are 
couched in terms of specific changes 
due to posture (such as kinaesthetic, 
cutaneous, oculomuscular, _retinal- 
positional, etc.), are confronted with 
two theoretical difficulties. 

One has to do with the concept of 
interaction. Most theorists simply 
state that interaction of two processes 
(e.g., kinaesthetic and visual) occurs, 
and fail to see the logical necessity of 
providing a framework within which 
these otherwise alien interacting ele- 
ments can be conceived as dynamically 
equivalent. Whatever the specific 
explanations of the E-phenomenon 
may be, we believe that the sensory- 
tonic field theory of perception 
provides, at least, a logical basis by 
which the mechanism of interaction 
can be understood. 

The second difficulty pertains to 
the notion of posture as related to 
our results. It was found that the 
degree of perceptual displacement 
depends upon kind of support (amount 
of muscular involvement) rather than 
simply on the angle of body tilt per se. 
In the light of these results, any 
theory which would try to understand 
the E-phenomenon by a static con- 
cept of body position must fail. By 
the same token, explanations in terms 
of derivatives of static postural states, 
such as specific retinal position, laby- 
rinthian reflexes, etc., are equally 
unsatisfactory. 

In contrast, the sensory-tonic field 
theory of perception rejects the con- 
ception of posture as a static position 
of the body; it identifies posture as 
a dynamic state of the organism that 
involves the continuous patterning 
of somato- and viscerotonic processes. 
The crucial postural factor is not 
position per se but degree of muscular 
involvement. It is this factor which 
partakes of the sensory-tonic field, 
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and thus contributes to changes in 
perception. 

This dynamic conception of posture 
makes it possible to integrate the 
effects of extraneous stimulation, as 
presented in a previous study (3), 
with the results on posture, as dis- 
cussed here. It was demonstrated 
there that auditory stimulation and 
electrical stimulation of the neck 
muscle, asymmetrically applied, dis- 
place the apparent vertical in a 
direction opposite to the side of 
stimulation. These effects are anal- 
ogous to the effects of body tilt 
though in this case the body is erect. 
We are thus justified to speak of an 
equivalence between postural and 
nonpostural (extraneous stimulation) 
factors with reference to effects on 
perception. This leads us again back 
to the interpretation made above that 
the efficacy of posture resides in the 
underlying somatotonic processes 


rather than in. body position per se. 


SUMMARY 


The present study was designed to 
investigate the effect of postural 
changes upon the visual perception 
of verticality. Apparent verticality 
was studied while S’s body was tilted 
at specified angles. Observations were 
made under two main conditions: 
(a) supported—S was supported by 
the sides and back of a chair; and 
(b) unsupported—S had to maintain 
the angle of tilt by his own muscular 
efforts while sitting on a stool. 


H. WERNER, S. WAPNER, AND K. A. CHANDLER 


Forty Ss, 20 men and 20 women, 
were tested. The task for S consisted 
in the adjustment of a luminescent 
rod to a position of apparent verti- 
cality. The main results are: (a) the 
apparent vertical was shifted to the 
side opposite the direction of body 
tilt; (b) with increase of body tilt 
from 15° to 30° there was a signifi- 
cantly greater shift of the apparent 
vertical; and (c) under identical angles 
of body tilt, the apparent vertical 
was displaced to a greater degree when 
the body was unsupported than when 
it was supported. 

These results are in accordance with 
specific hypotheses derived from the 
sensory-tonic field theory of percep- 
tion. 


(Manuscript received for priority 
publication July 30, 1951) 


REFERENCES 


. Ausert, H. Eine scheinbare bedeutende 
Drehung von Objecten bei Neigung des 
Kopfes. Virchow’s Arch., 1861, 20, 381- 
393. 

. Mitten, G. E. Uber das Aubert’sche 
Phanomen. Z. Psychol., 1916, II, 49, 
109-244. 

. Warner, S., Werner, H., anp CHANDLER, 
K. A. Experiments on sensory-tonic 
field theory of perception: I. Effect of 
extraneous stimulation on visual percep- 
tion of verticality. J. exp. Psychol, 
1951, 42, 341-345. 

. Werner, H., anp Wapwner, S. 
tonic field theory of perception. 
sonality, 1949, 18, 88-107. 

. Wirxin, H. A., anv Ascu, S. E. Studies in 
space orientation. III. Perception of the 
upright in the absence of a visual field. 
J. exp. Psychol., 1948, 38, 603-614 


Sensory- 


J. Per- 





EXPERIMENTS ON SENSORY-TONIC FIELD THEORY OF 
PERCEPTION: III. EFFECT OF BODY ROTATION ON 
THE VISUAL PERCEPTION OF VERTICALITY ! 


BY SEYMOUR WAPNER, HEINZ WERNER, AND RICARDO B. MORANT 


Clark University 


It has been demonstrated in pre- 
vious papers (9, 13) that a change in 
the state of the organism significantly 
affects the visual perception of verti- 
cality. In the first of the studies the 
method of “extraneous stimulation” 
was used to influence the organismic 
state. The term “extraneous stim- 
ulation” was there defined as stimula- 
tion to the organism coming from a 
source other than the object perceived. 
Two kinds of extraneous stimulation 
were employed, viz., electrical stim- 
ulation to the neck muscle, and audi- 
tory stimulation. 

The present experiment was de- 
signed to study the effect of another 
kind of extraneous stimulation on 


visual perception, i.e., labyrinthian 
stimulation induced by rotation of 
the body around its vertical axis. 


Apparatus Anp PROCEDURE 


Stimulus object—The visual stimulus em- 
ployed consisted of a luminescent rod 39 in. long 
and 1 in. wide. The rod was pivoted at its 
center and could be rotated in the fronto-parallel 
plane. The S had the task of adjusting this rod 
to the vertical while rotating inachair. The ap- 
paratus was arranged so that the visual stimulus 
moved with S, i.e., was always in front of him; 
the movement of the rod was remotely con- 
trolled by E£. 

Remote control—The rod was driven by a 
commercially built antenna rotor. Since re- 
mote control of rod position by E had to be 
achieved during the spinning of S’s chair, com- 
mutator rings encircling the supporting shaft of 
the chair provided the electrical connection be- 


1This investigation was supported by a 
research grant from the National Institute of 
Mental Health, of the Nationai Institutes of 
Health, Public Health Service. 


tween the rotor and E’s desk. The rotor was 
connected by a chain drive to a selsyn actuator 
which in turn acted in phase with a selsyn re- 
peater at E’s desk.’ This selsyn system pro- 
vided an indication of the position of the rod in 
half degrees. Thus, at the direction of S, E was 
able to manipulate the luminescent rod remotely 
while the chair was in motion, and to read rod 
position directly by means of the selsyn system. 

The rod, together with the rotor and selsyn 
actuator, was attached to the rotating chair by 
an iron pipe. The pipe extended from the lower 
part of the chair horizontally and was bent 
sharply upwards at a distance of 5 ft. in front of 
S, so that the center of the rod was at eye level 
(see Fig. 1). 

Rotating chair.—The rotating chair was sup- 
ported by a metal shaft mounted on ball bear- 
ings and carefully balanced to assure a smooth 
rotary motion. The rotation was controlled by 
a constant speed motor through a Graham Vari- 
able Speed drive. One speed, 25 rpm, was used 
for both clockwise (CW) and counterclockwise 
(CCW) motion. The period of acceleration, 
from zero to a constant speed of 25 rpm, lasted 
15 sec. The period of deceleration, from con- 
stant speed of 25 rpm to zero, lasted 9 sec. 

The head was fixed in position by means of a 
head rest attached to the chair. The head was 
tipped forward so that a line from the corner of 
the eye to the ear canal was horizontal. Thus, 
the horizontal canals were approximately in the 
horizontal position during testing. 

Test conditions.—All testing was carried out 
in the dark. Between trials S’s eyes were closed 
and covered by opaque rubber rimmed goggles. 
During a trial when S’s eyes were open, only the 
luminescent rod was visible to him. 

Five test conditions were used: (a) control— 
absence of rotation (C); (b) acceleration in a 
clockwise direction (A-CW); (c) deceleration 
from constant clockwise rotation (D-CW); (d) 
acceleration in a counterclockwise direction 
(A-CCW); (e) deceleration from constant coun- 
terclockwise rotation (D-CCW). 

For half of the Ss, the sequence of conditions 
was as follows: a-b-c-rest-a-d-e-rest-a-d-e-rest- 
a-b-c. For the other half of the Ss the sequence 
was: a-d-e-rest-a-b-c-rest-a-b-c-rest-a-d-e. The 
rest period, which always preceded the control 
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Rotating chair and control desk 


condition, lasted for 5 min.2, Two consecutive 
measurements were taken for each presentation 
of a test condition. Thus a total of eight meas- 
urements were taken for control, and four meas- 
urements for each of the four rotation conditions. 

Twenty-eight Ss, 14 men and 14 women, were 
tested. 

Measures employed. 
the rod looked vertical to S (apparent vertical) 
was measured, with reference to objective verti 
cal, in degrees of tilt. 


The position in which 


Therefore, all measures 


of the position of the luminescent rod were de 


fined in terms of the perpendicular. Arbitrarily, 
we designate an angular position clockwise (CW ) 
of objective vertical as “+” (tilted right) and 
counterclockwise (CCW) as “—” (tilted left). 
The measure used to represent each S’s percep 
tion is the algebraic mean of the adjustments for 
each condition. 
RESULTS 

The results are summarized dia- 
grammatically in Fig. 2. The figure 
shows the mean position of apparent 
vertical for control and for each of 
the test conditions, separately for 
men and women. Under CW accel- 


2 There was no significant differential effect 
due to sequence, 


eration, the apparent vertical is tilted 
to the left of control; under CCW ac- 
celeration the apparent vertical is 
tilted to the right of control. Under 
deceleration from CW rotation, the 
apparent vertical is tilted to the right 
of control; under deceleration from 
CCW rotation the apparent vertical 
is tilted to the left of control. 

Thus, the apparent vertical is 
shifted opposite the direction of ac- 
celeration, i.e., when acceleration is 
to the right, the tilt is to the left and 
vice versa.* Moreover, deceleration 
from rotation in one direction func- 
tions like acceleration in the opposite 
direction, i.e., in deceleration from 
rotation to the right, apparent vertical 
is tilted to the same side as in accelera- 
tion to the left, and vice versa. 


’ This statement is dynamically but not geo- 
metrically correct. That is, CW and CCW with 
reference to rotation deal with motion around 
the vertical axis of the body; whereas, with refer- 
ence to the rod, CW and CCW deal with motion 
in the fronto-parallel plane. 
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WomeEN 
Fic. 2. Mean position of apparent vertical with reference to objective vertical (OV) under laby- 
rinthian stimulation (effect magnified ten times): A-CW—clockwise acceleration; D-CCW—deceler- 
ation from counterclockwise rotation; C—control; D-CW—deceleration from clockwise rotation; 


\—CCW— counterclockwise acceleration. 


analysis of variance separately for 
men and women. The results of 
these analyses are summarized in 


Tests of significance of the dif- 
ferences between mean positions of 
apparent vertical shown in Fig. 2 
were made by a two-way classification Tables I and II. 


TABLE I 
MEN 


SIGNIFICANCE OF DIFFERENCE OF MEANS AMONG Test CoNDITIONS: 
F-Tests 


Source of Variance Sum of Squares 


Conditions (C) 
Subjects (S) 
Residual (C X S) 
Total 


8. 
4. 


217 
55 
S4 
-> 

IS/ 


6. 


Mean Differences 


Conditions 


D-CW A-CCW D-CCW 


Control (C) : ae 2.0** 
Acceleration CW (A-CW ) 3.1 3.5% 
Deceleration from CW rotation (D-CW) 04 
Acceleration CCW (A-CCW) 

Deceleration from CCW rotation (D-CCW) 





* Significant at or better than the .05 level of confidence. 
** Significant at or better than the .01 level of confidence. 
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TABLE II 


SIGNIFICANCE OF DIFFERENCE OF MEANS AMONG 


Test Conpitions: WomMEN 


F-Tests 


Source of Variance 


Conditions (C) 
Subjects (S) 
Residual (C X S) 
Total 


Conditions 


Control (C) 

Acceleration CW (A-CW) 

Deceleration from CW rotation (D-CW) 
Acceleration CCW (A-CCW) 

Deceleration from CCW rotation (D-CCW ) 


Sum ot pena 
1498. 50 
1499.80 
1121.22 
4119.52 


Mean Differences 





D-CW bD-CCW 


1.3** - 0.6 
tO ae 3. | 0.8 
| 1.9** 


ta 





** Significant at or better than the .01 level of confidence. 


The F-tests for test conditions and 
Ss are significant beyond the .01 level 
for both men and women. The 
mean position -of -apparent vertical 
without stimulation differs significant- 
ly from the apparent vertical under 
each of the experimental test con- 
ditions except one (Women, D-CCW). 
In every instance acceleration in one 
direction differs significantly from 
acceleration in the other direction; 
this holds also for deceleration. Ac- 
celeration in one direction differs 
significantly from deceleration from 
rotation in the same direction. In 
contrast, acceleration in one direction 


TABLE III 


UncorrectTep RELIABILITY COEFFICIENTS 








Conditions Women 


! 
an wR o5** 
5 A ag 
| See 
se" 
73** 


D-CCW 





* Significant at the .05 level of confidence. 
** Significant at or better than he .O1 level of con- 
fidence. 


does not differ significantly from decel- 
eration from rotation in the other 
direction. 

Table III presents uncorrected re- 
liability coefficients for each test 
condition separately for men and 
women. Six of the correlations are 
significant at the .01 level, three are 
significant at the .05 level, and one 
(D-CW, Men) only approaches sig- 
nificance. 


Discussion 


The most important finding of this 
study is that visual perception of 
verticality is significantly affected by 
accelerative and decelerative rotation 
around S’s vertical axis. Speci- 
fically, the apparent vertical under 
CW acceleration is tilted to the left 
and under CCW acceleration is tilted 
to the right of control. Deceleration 
from rotation in one direction func- 
tions like acceleration in the opposite 
direction. 

Studies which have dealt with the 
effect of labyrinthian stimulation on 
perception of the vertical date back 
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to Purkinje (8), Mach (5), and Breuer 
and Kreidl (1). These older studies 
were not concerned with rotation 
around S’s own vertical axis (con- 
centric), but with rotation around a 
circular path (eccentric). Only one 
older study, by Briinings (4), dealt 
with concentric rotation; this author, 
however, did not find a measurable 
effect on verticality. From Brinings’ 
work and his own studies on eccentric 
rotation, Fischer (4, p. 267) errone- 
ously concluded that eccentricity of 
rotation was a necessary condition 
for angular shifts in apparent verti- 
cality. Recent studies dealing with 
angular shifts of apparent vertical 
under labyrinthian stimulation, such 
as those by Noble (7) and Witkin 
(14), are confined to observations 
made under eccentric rather than 
concentric motion. 

In order to explain such labyrinthian 
effects as studied here, two types of 
internally consistent theories are pos- 
sible. One type concerns sensory 


theories interpreting the effects in 


terms of retinal positions. Another 
more inclusive type of theory takes in- 
to account sensory-tonic interactions. 
On the other hand, interpretations 
which attempt to explain the effects 
in terms of a correspondence between 
perceptual results and non-visual 
processes, kinaesthetic, labyrinthian 
changes, etc., are faced with the “in- 
teraction paradox.” By “interaction 
paradox” we understand the contra- 
diction inherent in the attempt to 
fabricate a unity out of alien elements, 
such as visual on one side and non- 
visual on the other. 

It is unlikely that a purely sensory 
theory is capable of accounting jor 
the facts. Breuer and Kreidl (1), 


4 For a more complete summary of the effect 
of labyrinthian stimulation on perception see 
Dusser de Barenne (2), Fischer (4), and Wendt 
(10). 
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among others, suggested changes of 
retinal position through torsion as 
the explanation for shifts of the ap- 
parent vertical under eccentric rota- 
tion. However, as recent studies 
have shown (7, 14), under conditions 
of high speed eccentric rotation, per- 
ceptual shifts occur of such great 
magnitude that explanations in terms 
of torsion are highly improbable. 
There is another more basic reason 
why a retinal theory might be rejected. 
This deals with the concept of maxi- 
mum generality of any theory. A 
retinal theory may cover the facts 
under very special sensory conditions; 
but it cannot account for analogous 
shifts of the apparent visual vertical 
observed under extraneous stimulation 
which most likely excludes eyeball 
torsion.» It is even more difficult 
for this kind of theory to account for 
analogous effects which have been 
observed in non-visual situations: 
here the apparent vertical was pre- 
sented kinaesthetically with closed 
eyes (11), and effects occurred which 
were similar to those found with the 
visual vertical. Thus, to interpret 
the analogous results obtained in 
these diverse situations a theory is 
required which goes beyond the ex- 
planation of specific effects. 

The sensory-tonic field theory of 
perception appears to fulfill the gen- 
erality requirement. An explanation 
in terms of such a theory is greatly 
strengthened by previous extensive 
experimental evidence that the pri- 
mary effect of labyrinthian impulses 
consists in their influence on the 
tonicity of musculature. Ewald (3) 
was probably the first to put forward 
the view that the constant flow of 


5 We refer here to a previous paper (9) demon- 
strating the effect of extraneous stimulation (in 
that case auditory stimulation and electrical 
stimulation to neck muscles) on the position of 
apparent vertical. 
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impulses from the labyrinthian organs 
serves to maintain the muscles in 
normal condition of tonus. The well- 
known experiments by Magnus and 
de Kleyn (6) have given strong sup- 
port for, and extension of, this view. 
Thus, the sensory-tonic field theory 
of perception identifies labyrinthian 
stimulation—like extraneous stimula- 
tion (auditory, etc.) and direct pos- 
tural changes—as affecting and thus 
contributing to the dynamic status of 
the organism. It is the status of the 
organism, conceived of as a continuous 
patterning of somato- and viscerotonic 
processes, which, as a principal factor 
in the sensory-tonic field, makes for 
perceptual shifts of an otherwise en- 
during stimulus object. 

It may be further noted that a 
common feature of the effects of 
auditory stimulation, electrical stim- 
ulation on neck musculature, postural 
tilts, and labyrinthian stimulation on 
verticality pertains to the direction 
of perceptual shifts. The previous 
studies on the effect of extraneous 
stimulation, and postural tilts have 
demonstrated opposite (CW-CCW) 
perceptual shifts corresponding to 
opposite (left-right) applications of 
stimuli or tilts of the body. It has 
been argued there that the factors 
responsible for these shifts in both 
situations are the induced asymmetri- 
cal tonic changes. Since opposite 
labyrinthian stimulations are involved 
in the present experimental situation 
(CW versus CCW acceleration, etc.) 
yielding opposite tonic effects, cor- 
responding perceptual shifts of ap- 
parent vertical are expected. 


SUMMARY 
The present study was designed to 
investigate the effect of labyrinthian 
stimulation induced by rotation of 


the body around its vertical axis 


S. WAPNER, H. WERNER, AND R. B. MORANT 


(concentric) on the visual perception 
of verticality. 

Twenty-eight Ss, 14 men and I4 
women, were used. The task for S 
consisted in the adjustment of a 
luminescent rod to apparent vertical- 
ity under five test conditions: con- 
trol—absence of rotation; clockwise 
and counterclockwise acceleration; 
deceleration from constant clockwise 
and counterclockwise rotation. 

It was found that visual perception 
of verticality is significantly affected 
by accelerative and decelerative rota- 
tion around S’s vertical axis. The 
apparent vertical under clockwise 
acceleration is tilted in a counter- 
clockwise direction, and under counter- 
clockwise acceleration is tilted in 
a clockwise direction. Deceleration 


from rotation in one direction affects 
the apparent vertical like accelera- 
tion in the opposite direction. 

These results are interpreted within 
the framework of the sensory-tonic 
field theory of perception. 


(Manuscript received for priority 
publication August 10, 1951) 
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THE EFFECT OF PRESENTING VARIOUS NUMBERS OF 
DISCRETE STEPS ON SCALE READING ACCURACY! 
BY HAROLD W. HAKE AND W. R. GARNER? 

The Johns Hopkins University 


In a recent paper (3) we demon- 
strated that the methodology of in- 
formation theory can be applied 
usefully to the method of absolute 
judgments to answer two important 
questions. It can be used to deter- 
mine how much information an O 
obtained about which particular stim- 
ulus was presented at each point in 
time; and the method gives a direct 
measure of the minimum number of 
stimuli from a set of stimuli which 
can transmit the maximum informa- 
tion about some other set of events. 

The act of interpolating pointer 
positions between scale marks on an 
instrument dial is a judgment like 
that required in the method of ab- 
solute judgments. The O is not 
explicitly required to make a relative 
judgment. Rather, he is expected to 
identify each position with a single 
number. In addition, the successive 
pointer positions are code stimuli 
representing events on another con- 
tinuum such as temperature or speed. 


For these reasons some of the experi- 


mental questions which researchers 
have attempted to answer in studying 
the perception of dials and scales are 
those which the methodology of in- 
formation theory can answer. 

In this experiment the method was 
applied to determine the minimum 
number of different pointer positions 


This work was supported under Contract 
N5-ori-166, Task Order I, between the Special 
Devices Center, Office of Naval Research, and 
The Johns Hopkins University. This is Report 
No. 166-I-128, Project Designation No. NR-784- 
001, under that contract. 

2?Mr. Allan Thompson assisted in obtaining 
and analyzing the data of this experiment. 


which can be presented in a standard 
interpolation interval to transmit the 
maximum amount of information, 
not about which positions of the 
pointer are occurring, but about the 
event continuum being represented. 

We have shown (3) that the measure 
of amount of information indicates 
directly the minimum number of 
stimuli which can be used to transmit 
the maximum amount of information 
about a given set of possible events 
where each stimulus perfectly repre- 
sents a unique set of these events. In 
general, the larger the errors of obser- 
vation, the smaller this minimum 
number will be. Since the errors of 
observation in scale interpolation have 
been shown to be rather large and 
complex (2, 4), we would predict that 
the number of pointer positions which 
can be used in an interpolation in- 
terval on a scale to transmit maximum 
information about another variable is 
very much smaller than the number 
of different positions which the pointer 
on the average instrument can reliably 
assume. 

A restriction in the number of dif- 
ferent possible pointer positions, of 
course, can be thought of as resulting 
in instrument error because each 
pointer position then represents a 
range of values of the represented 
variable. In the course of indicating 
values in the interval, the restricted 
pointer could indicate the true value 
of the represented variable only when 
this value happened to correspond to 
one of the permissible positions. The 
information theory context predicts, 
however, that if each range of values 
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of the represented variable is perfectly 
represented by just one pointer posi- 
tion in the interpolation interval, then 
the amount of information transmitted 
will tend to be invariant provided that 
the number of pointer positions used 
is equal to or larger than some mini- 
mum number. This study provides 
experimental evidence demonstrating 
the validity of this statement. 


\MetTHOD 


Apparatus.—The S was seated in a booth 39 
in. long, 56 in. high, and 32 in. wide. He rested 
his head against a forehead rest and looked di- 
rectly ahead at a ground glass plate 20 in. away 
and normal to the line of sight. During a trial, 
a rectangular lighted area .20 in. by .07 in. ap- 
peared in the center of the glass. An interpola- 
tion interval within the lighted area .16 in. long 
in the horizontal dimension was marked off by 
two dark vertical scale markers each .005 in. 
wide extending up from the bottom of the area. 
A vertical pointer, also .005 in. wide, extended 
down from the top of the area and indicated 
values within the interval. No numbers ap- 
peared anywhere on the glass plate. The illu- 
mination of the background and interval was 
such that the scale markers and pointer were all 
easily seen by S. The interpolation interval 
which S saw was the image of a larger interval 
located 10 ft. away from the booth and focused 
on the ground glass by a lens system. The posi- 
tion of the large pointer, the image of which S 
saw, could be set very precisely by FE. E also 
controlled the floodlamps which illuminated the 
markers and pointer from behind, such that 
their silhouette was thrown on the glass in front 
of S during the duration of a trial. 

Procedures —At the beginning of an experi- 
mental session S looked directly ahead at the 
interpolation interval in which the pointer indi- 
cated the value “40.” He was told that the 
interval represented a small unmarked interval 
which had been removed from a larger scale con- 
sisting of many such intervals. It was explained 
that the left marker represented the value “0,” 
that the right marker represented the value 
“100,” and that the pointer indicated the value 
“40” in this interval. 

Four different series of pointer positions were 
then presented to S. In on: of these series (five 
positions) only six different positions of the 
pointer were permitted. These were at 0, 20, 
40, 60, 80, and 100. The positions at “0” and 
“100” were considered identical in all series for 


purposes of analysis because, normally on a 
scale, the value “O” in our interpolation interval 
would represent the highest value of the next 
lowest interval. Since the “0” and “100” posi- 
tions were presented just one-half as often as the 
others, their combination provided five positions 
all presented equally often. The other three 
series, with the first and last positions combined, 
were composed of pointer positions at every 
tenth integer beginning with 10 (10 positions), 
every fifth integer beginning with 5 (20 posi- 
tions), and every even integer beginning with 2 
(50 positions). 

The four series were presented under two con- 
ditions of instructions. If a series were to be 
read under the Limited Response condition, he 
was told the values of each permissible pointer 
position and that he must report each position 
only in terms of these values. If a series were to 
be read under the Unlimited Response condition, 
he was told to assume that the pointer could take 
any position within the interval and to report 
each position as accurately as he could, using the 
integers from zero to 100. 

The order in which the four series were given 
to each S was determined by a modified Graeco- 
Latin square design in which each S read each 
pointer series in a predetermined random order, 
but he did not read every series under both con- 
ditions of instructions. 

Each series of pointer positions consisted of 
200 trials in which the positions occurred in 
chance order. At the beginning of each trial 
S was warned that a pointer position would be 
presented. The scale marks and pointer then 
appeared for 10 sec. during which time S reported 
the numerical value of the position. The inter- 
trial interval was 10 sec. 

Subjects.—The Ss were 16 male undergradu- 
ates who had little or no experience in scale and 
dial reading. They were assigned to the experi- 
mental schedules by random assortment. 


RESULTS 


Primarily we are interested in the 
discrepancies between the final read- 
ings made by S and the values on 
the original continuous variable, when 
the values on the original variable 


have been represented as discrete 
values. Many different measures are 
available to describe the discrepancies, 
but we have chosen the mean square 
error (variance) because the addi- 
tivity characteristic of variances makes 
our calculations much simpler. We 
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have used the term “mean square 
error” rather than the term “vari- 
ance” because the former measure 
includes constant errors as well as 
variable errors around a measure of 
central tendency. 

The error analysis.—The error anal- 
yses are shown in Table I. The total 
mean square error represents the dis- 
crepancies between the final readings 
and the values of the continuous 
variable being represented, and is 
defined as: 


Iss 
oP =—> L(Y, — XP 


wT X=1 i=1 


(1) 


where X represents the various pos- 
sible values on the original continuum 
and Y; represents the several readings 
made when a particular value of X 
occurred on the original continuum. 
Since it is impossible to know the 
value of X for any given response 
(since groups of X-values are repre- 
sented as a single value on the scale 
presented to S), this formula cannot 
be used for a direct calculation. For- 
tunately, howevér, the formula can 
be broken into parts which can be 
separately computed. First, this 
total mean square error can be sep- 
arated into two parts, one of which 
represents the discrepancies between 
the readings of S and the pointer 
positions; the other of which repre- 
sents the discrepancies between the 
pointer positions and the values on 
the original continuum. Thus 


k i 
> LX - Z)? (2) 


Z=1 i=1 


1 
ae * 


where the first part of the right-hand 
side of the equation is the Total Ob- 
server Error and the second part is the 
error due to the rounding off of values 
on the original continuum to discrete 
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values (Instrument Error). In this 
equation, Z represents the various 
discrete values presented to S, and 
Y,; the readings made when a parti- 
cular Z is presented. XX; represents 
the various values of XY which are 
represented by a particular discrete 
value Z. The observer error can be 
directly calculated. The instrument 
error, however, must be evaluated as 
an integral, because the represented 
X variable is continuous.* 

The total observer error can, in 
turn, be separated into two parts (1), 
as follows: 


where Y is the mean reading made 
for a particular pointer position Z. 

Table I shows not only the total 
mean square error, but the various 
components of the error, for each 
number of pointer positions and each 
condition of response limitation. The 
units in the error analysis are the 
values represented by the interpola- 
tion interval presented to the Ss. 
There are several facts which seem 
clear from this error analysis. 


1. The instrument error increased 
as the square of the coarseness of the 
grouping, and when only five pointer 
positions were presented (the most 
coarse grouping) the instrument error 
was by far the largest part of the total 
error. With only five pointer posi- 
tions, the instrument error was so 
large that no possible change in per- 


3 This integral is evaluated as (Y, — X,)/12, 
where X_ and X; are the end points of the 
represented range of X, the pointer position cor- 
responds to the mid-point of the range, and all 
values of the original variable are equally likely. 
This is essentially Sheppard’s correction for 
grouping. 
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TABLE I 


Tue Error Anatysis * 





Number of Positions 


Errors 





10 | 2 


Limited Response 
Total Observer 

Variable 

Constant 
Instrument 
Total 


| 11.19 | 
5.04 
6.15 | 
2.08 | 
13.27 
Unlimited Response 
Total Observer 20.14 
Variable d 9.43 | 
Constant . 98 | 10.71 
Instrument : 2.08 E 
Total 22.22 | 12.0 


ans ™s 
© tv 


Fi ww 


* The measure of error is the mean square error. 


ceptual precision could compensate 
for it. 

2. When Limited Responses were 
used, the total error was roughly 
constant when more than five pointer 
positions were used. The mean square 
error for observers decreased enough 


to compensate for the increased in- 
strument error. 

3. When Unlimited Responses were 
allowed, the observer error was rela- 
tively independent of the number of 
pointer positions. Since the instru- 
ment error increases with coarser 
grouping, the total error must also 
increase. Thus, the relative disad- 
vantage of allowing unlimited re- 
sponses increased as fewer pointer 
positions were used. 

4. The total observer error is com- 
posed roughly of equal amounts of 
constant error and variable error, 
except when only five or ten pointer 
positions were used with Limited 
Responses. In these cases, the con- 
stant error is very small compared to 
the variable error. It seems likely 
that forcing S to use only responses 
which correspond to the permissible 
pointer positions prevents systematic 
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deviations of his readings from the 
presented position. 

Thus, we can conclude that there 
is no necessary loss in scale reading 
accuracy even though all possible 
scale values are represented by a 
few discrete values. In order for 
there to be no loss in scale reading 
accuracy, it is necessary for the 
reader of a scale to know how many 
possible pointer positions there are, 
and to be restricted to the use of 
responses which correspond to the 
presented discrete values. 

-The information analysis.—In this 
section the question of how much 
information the Ss received about the 
coded information presented in the 
four numbers of pointer positions and 
under the two ¢onditions of response 
limitation is answered. The error 
analysis presented above has indicated 
the relative efficiency of the experi- 
mental conditions, but the informa- 
tion analysis makes more explicit the 
important factors involved in the 
efficiency of transmission. There are 
four important components in this 
analysis. These are the Stimulus 
Information, the Response Informa- 
tion, the Response Equivocation, and 


TABLE Il 


Tue Inrormation ANALysis * 


| Number of Positions 


Analysis 


Limited Response 
Stimulus Information 
Response Information 
Response Equivocation 
Information Transmitted 





Unlimited Response 
Stimulus Information 
Response Information 
Response Equivocation 
Information Transmitted 

















* The amounts of information are in bits per appear- 
ance of the pointer. 
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the Information Transmitted. The 
method used in computing these com- 
ponents is Method (1) of the previous 
paper (3), and the results are pre- 
sented in Table II. 

The Stimulus Information for each 
number of pointer positions and each 
response limitation is presented in 
lines one and five of the table. This 
is the amount of information in bits 
about the represented variable which 
is available at each presentation of 
a pointer position. It can be thought 
of as the amount of uncertainty in- 
volved in the prediction of the next 
pointer position or the amount of 
information needed to predict it. 
The amount of Stimulus Information 
always sets an upper-bound for the 
amount of information which the Ss 
can obtain about the represented 
variable by watching the pointer. 
It is computed by 


s 
— ¥ p(k) logs p(k) (4) 


k=1 


I, = 


where p(k) is the probability of oc- 
currence of position, k. 

The amounts of Response Informa- 
tion are given in lines two and six of 
the table. ‘They are computed by 


R 
— 2 p(y) loge p(y) ~— (5) 


j=1 


I, = 


where p(j) is the probability of S 
reading 7 irrespective of the particular 
pointer position presented. With 
limited responses, /, tends to be equal 
or slightly less than /, indicating that 
the Ss tend to use all of the permis- 
sable responses about as often as the 
corresponding pointer positions are 
presented. With unlimited responses, 
I, exceeds J, by a considerable amount 
because the Ss tend to respond with 
a wide variety of readings to each 
pointer position. 


The Response Equivocation in lines 
three and seven is computed by 


1 S R ; ; 
E, = — = X LX plb)pali) logs peli) 
~ k=l j=1 
(6) 


where p,(j) is the probability that the 
S will read 7 when pointer position & 
was presented. The Response Equi- 
vocation is much larger with unlimited 
responses, but is also ‘more constant 
from series to series. 

With the method of computation 
used here, the Information Trans- 
mitted is found by subtracting the 
Response Equivocation from the Re- 
sponse Information. These amount: 
are given in lines four and eight 
show that the amount of information 
transmitted to the Ss is about the 
same for both conditions of response 
limitation. It is important to see, 
however, that the conditions under 
which the information is transmitted 
under the two instructions are quite dif- 
ferent. With Limited Responses, the 
transfer remains as efficient as it does 
because the equivocation is minimized. 
With Unlimited Responses the trans- 
fer of information occurs in spite of 
considerable equivocation because of 
the use by the Ss of a larger number 
of response categories. 

In the introduction we stated that 
the amount of information trans- 
mitted should be invariant provided 
that the number of pointer positions 
used is equal to or larger than some 
minimum number. This statement 
is supported by the data of Table II, 
which show that the amount of in- 
formation transmitted under both 
response limitations was essentially 
constant when ten or more pointer 
positions were used. When only five 
positions were permitted the amount 
transmitted was depressed, of course, 
because of the limitation imposed by 
the smallness of /,. 
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The maximum information which 
can be transmitted under the con- 
ditions of this experiment is a little 
more than three bits for every ap- 
pearance of the pointer. This means 
that no advantage in information 
transmission is gained by the use of 
more than about ten different posi- 
tions. This effect, of course, can be 
complicated somewhat by the number 
habits of the Ss. 


Discussion 


The error analysis showed that the 
error involved in the transmission of 
information about a continuous vari- 
able is not increased when this vari- 
able is represented by discrete pointer 
positions which, in effect, “round-off” 
the original values, provided that 
ten or more positions are used and 
that the Ss are required to read only 
values which correspond exactly to 
the presented positions. If the Ss 


are unaware of the pointer restrictions, 


then the error is increased. The in- 
formation analysis, on the other hand, 
showed that the amount of informa- 
tion transmitted is approximately 
constant whether or not the Ss were 
aware of the pointer restrictions. 

It is apparent that the two analyses 
do not reveal the same facts about 
the errors of transmission. This can 
be seen most clearly in the case of 
the Unlimited Response condition. 
The Ss under this condition responded 
to each pointer position with a wide 
variety of different values, and this 
greater variety of response resulted 
in a large Observer Error which in- 
flated the Total Error. The greater 
variety of response did not decrease 
the amount of Information Trans- 
mitted, however, because the dis- 
tribution of responses to a given 
position did‘ not seriously overlap 
the distribution of any other position. 
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Little or no overlap among these 
response distributions means that, 
given a particular response, we can 
make a statement with considerable 
assurance about which pointer posi- 
tion has occurred. 

The information analysis responds 
only to the coding possibilities in an 
information transmission system. The 
error analysis does not have this ad- 
vantage since a greater variety of re- 
sponse shows up only as increased 
error whether or not the overlap among 
the response distributions exists. On 
the other hand, the _ information 
analysis has the disadvantage that 
it is not sensitive to magnitude of 
errors. Thus, if two different situa- 
tions show that the same amount of 
information has been transmitted, 
we cannot conclude that the two 
situations will give the same magnitude 
of errors. 

In order to demonstrate this point, 
we have determined the frequencies 
with which errors of various magni- 
tudes were made in the situations of 
this experiment. Figure 1 shows the 
proportions of times that errors of 
various magnitudes were not exceeded 
when Limited Responses were used 
for the four different numbers of per- 
missible pointer positions. These 
curves are constructed with the fol- 
lowing rationale: Suppose that only 
five pointer positions were used, and 
that position “‘20” was presented. If 
S responded with “20,” his maximum 
error would be ten units, since the 
position ‘20’ represented values be- 
tween 10 and 30. If S read that 
position as “40,” then his maximum 
error would be 30 units. A similar 
argument can be used for other num- 
bers of pointer positions. The plotted 
points are connected by straight lines 
on the assumption that all values of 
X occur equally often. 

When only five pointer positions 
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were used, errors of larger magnitude 
were made quite frequently. The 
Ss rarely made an error in reporting 
the presented position, but the coding 
was so coarse that many errors with 
respect to the original variable oc- 
curred. For the other three numbers 
of pointer positions, errors of different 
magnitudes were made about equally 
often, although the 10-position case 
gave fewer errors of intermediate 
magnitude. 

Thus, when responses were limited 
to pointer position values, the uni- 
formity in amount of information 
transmitted indicated that the same 
number of errors of different magni- 
tudes occurred when the three larger 
numbers of pointer positions were 


used. When Unlimited Responses 


were used, however, the magnitude 
of errors was increased considerably. 
Figure 2 shows the proportion of times 
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errors of various magnitudes were 
made when just ten pointer positions 
were used with the two conditions of 
response limitation. It is clear that 
the use of Unlimited Responses greatly 
increased the frequency with which 
errors of any given magnitude were 
exceeded. This increased error re- 
sults from the following factors: If 
only ten pointer positions were used, 
and position “50” were presented, 
the maximum error possible when the 
reading is 50” is five units. When 
Unlimited Responses are used, how- 
ever, S may read it as “54,” in which 
case the maximum error with respect 
to the original X variable is nine units. 
Such errors can occur, even though 
there is no overlap of the distributions 
of readings used for the various pre- 
sented positions. 

If we rounded off the readings made 
by S with Unlimited Responses into 
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groups whose mid-points are the same 
as the presented values, a reading of 
“54” to a presented position of “50” 
would be considered a correct reading. 
Yet, because he was allowed to use 
that number, his actual error is larger 
Thus, the number of correct readings 
(as determined by our correct predic- 
tion of which discrete pointer position 
occurred, knowing the S’s reading of an 
unknown pointer position) might be 
the same for both cases, but the 
magnitudes of errors larger. The 
amount of information in bits indi- 
cates something only about the num- 
ber of readings which are correct in 
this sense, not about the magnitude 
of an error. It does indicate, how- 
ever, the minimum number of discrete 
pointer positions from which the 
maximum precision can be obtained. 


SUMMARY 


This experiment studied the ac- 
curacy with which Ss can determine 
the value of a continuous variable 
when only discrete values representing 
ranges of the continuous variable are 
presented. The Ss made readings on 
an instrument dial when 5, 10, 20, 
or 50 different positions of a pointer 
were possible within a single interpola- 
tion interval, under instruction to 
restrict their responses to values repre- 
sented by the discrete positions and 
under instructions to use many dif- 
ferent possible readings. The results 
and conclusions are: 


1. When Ss were limited in their 
responses to values corresponding 
to the presented values, the total 
mean square error (including the 
rounding-off, or instrument, error) 
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was essentially constant for 10, 20, or 
50 pointer positions. When Ss were 
allowed Unlimited Responses, the 
total mean square error increased 
with fewer numbers of different dis- 
crete pointer positions. 

2. An analysis of the amount of 
information transmitted by the dis- 
crete pointer positions showed that 
_ the same amount of information was 
transmitted with either Limited or 
Unlimited Responses, and for all 
numbers of pointer positions greater 
than ten. 

3. The amount of information 
measures the extent to which re- 
sponses to the various discrete stimuli 
do not overlap, but is not a measure 
of the magnitude of errors. Thus, 
the fact that the same amount of 
information was transmitted with 
either Limited or Unlimited Re- 
sponses does not indicate that the 
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magnitude of errors is the same for 
both cases. The measure of informa- 
tion does indicate, however, the 


minimum number of discrete pointer 
positions from which the maximum 
precision can be obtained. 


(Manuscript received for priority 
publication September 17, 1951) 
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